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ABSTRACT

Two hundred raw milk samples were collected and stored in sani
tized plastic containers which were transported in ice to the labor
atory.

Three 100 ml sub-samples were aseptically removed from each

container.

One sub-sample (Fresh) was analyzed for Standard Plate

Count (SPC) and adenosine-5'-triphosphate (ATP) content.

The two

remaining sub-samples underwent preliminary incubation; one subsample was incubated at 12.8°C for 18 h (PI 12.8) and the other at
7.2°C for 48 h (PI 7.2).
were determined.

Following incubation, SPC and ATP content

Correlation of ATP content with SPC-Fresh, SPC-

PI 12.8 and SPC-PI 7.2 was 0.72, 0.84 and 0.89 with 1°8jq transformed
variables.

Although linear regression coefficients were significant

(P< .01), coefficients of determination indicated that raw milk ATP
content was not predictive enough for raw milk bacterial estimates.
Storage of tank truck and silo raw milk samples for 5 d at 2.2°C
resulted in increases in median SPC, Psychrotrophic Bacteria Count
(PBC), Proteolytic Count (PC) and mean tyrosine value (TV).

Median

SPC-Fresh for both types of samples was 105,000/ml, 88,000/ml for tank
truck samples and 220,000/ml for silo samples.

Median PBC-Fresh for

both types of samples was 46,000/ml, 36,000/ml for tank truck samples
and 81,500/ml for silo samples.

Mean SPC doubling time was 14,3 h for

tank truck samples and 20.6 h for silo samples.

Mean PBC doubling

time was 16.3 h for tank truck samples and 21.9 h for silo samples.
ix

Median PC-Fresh for both types of samples was 6,500/ml, 6,000/ml for
tank truck samples and 11,500/ml for silo samples.
Changes In raw milk microbiological quality during storage at
2.2°C were investigated by dividing the samples into acceptable and
unacceptable groups based on Standard Plate Count.

An SPC-Fresh of

100,000/ml, and SPC-PI 12.8 values of 100,000/ml, 150,000/ml,
230,000/ml and 300,000/ml were used to dichotomize the samples.

Di-

chotomlzation based on SPC-PI 12.8 values yielded acceptable sample
groups having consistently lower median microbial counts during
storage than did the SPC-Fresh dichotomizing value.

Median SPC, PBC

and PC of the acceptable sample groups decreased over all sampling
days as the SPC-PI 12.8 dichotomizing value decreased.

x

INTRODUCTION

The magnitude of the microbial population of raw milk can be es
timated by one of several techniques.

Currently the standard plate

count (SPC) is an official and accepted method of enumerating the to
tal number of microorganisms in a raw milk sample.

In part, this es

timate is used to determine the acceptability of raw milk from a pub
lic health standpoint.

In many cases, the estimate is interpreted by

the dairy processor as a partial index of raw milk quality.
Total bacteria estimates calculated by the standard plate count
method are subject to several inherent drawbacks of the method.
First, an estimate of th? total number of viable organisms in a raw
milk sample can be calculated no earlier than 48 h after plating the
sample on an appropriate growth medium.

A second problem is that the

SPC tends to underestimate the total number of viable cells present.
Colonies arising from single cells cannot be distinguished from col
onies arising from cells which were originally aggregated in pairs,
small chains and clusters.

In addition, the SPC enumerates only that

fraction of the viable population which is capable of growing aero
bically on Standard Methods Agar and producing visible colonies with
in 48 h at a 32°C incubation temperature.

Finally, the suitability

of the SPC as an index of raw milk quality Is questionable.

From the

dairy processors standpoint, the time required to obtain a microbial
count estimate by the standard plate count method is too long and re1

suits yield little Indication of sanitary practices employed during
milk production and handling.
Measurement of adenosine-5'-triphosphate (ATP) by the luciferinluciferase assay has been used in the estimation of viable biomass.
Since ATP is a universal carrier of utilizable biological energy, the
ubiquitous nature of ATP in all living cells renders its measurement
an indicator of biological life.

ATP content has been shown to be of

value in enumerating microorganisms in many diverse environments in
cluding water, soil, rumen fluid, foods and clinical urine samples.
Due to the marketing of commercially available equipment and purified
reagents, ATP measurement is now a rapid and relatively simple assay.
Correlation between ATP content and the SPC of tank truck and produc
er raw milk samples has been demonstrated.

However, an equation which

could be used to predict SPC from raw milk ATP content has not been
established.
Rapid estimation of the total number of viable microorganisms in
tank truck raw milk could be used by the dairy processor as a means
of segregating low and high microbial count raw milk.

Knowledge of

raw milk quality during storage could be used to the dairy processors
advantage in the manufacture of top quality finished products.
Therefore, the objectives of this research were as follows:
1.

To determine if raw milk ATP content could be substituted

for the SPC in an effort to reduce the amount of time required to de
termine the total number of viable bacteria in a milk sample.
2.

To evaluate SPC results before and after preliminary incuba

tion at 12.8°C for 18 h as an index of raw milk microbial quality.

LITERATURE REVIEW

Methods Used to Enumerate Bacteria in Milk
Standard Plate Count
The standard plate count (2) Is currently an official and accept
ed method for determining the bacterial content of raw and pasteurized
milk (118).

The method was originally described in the first edition

of Standard Methods, but has undergone several modifications since
then (99).

The basic underlying assumption of the standard plate

count procedure is that a single viable cell, when placed in an appro
priate growth medium and incubated at an appropriate temperature, will
multiply to the point where a visible colony is produced (105,110).
In some cases however, colonies arise from cells which were originally
aggregated in pairs, small chains or small clusters and cannot be dif
ferentiated from colonies which arose from single cells (2,63).
Therefore, the basic assumption of the standard plate count is to some
degree invalid.
When conducting the standard plate count, a milk sample or dilut
ed milk sample is aseptically transfered, using a sterile pipet, to a
sterile petrl dish.
ed into the dish.

Liquified agar, tempered to 44-46°C is then pour
The contents of the dish are swirled to evenly dis

tribute viable cells throughout the volume of agar after which the
agar is allowed to solidify.

Plates are currently incubated at 32±

1°C for 48*3 h and promptly counted after the incubation period, ac

cording to a specific set of rules (2).
The official description (2) of the standard plate count pro
vides procedures which result in uniformity of standardized techniques
and productivity of media but usually do not result in the highest at
tainable bacterial count from a representative sample of product
(122).

There is no question that no one medium incubated for a short

period of time at a given incubation temperature can permit the growth
of all bacterial types present (2,50,63).

Modifications of the stand

ard plate count procedure to increase the accuracy of a total count
estimate have been reported.

Possibly the most significant and most

frequently suggested modification has been to change the plate incu
bation temperature-time combination (63).
Huhtanen (58) compared plate counts of 33 raw tank truck samples
after incubation of plates at 7 different temperature-time combina
tions (2°C/10 d, 10°C/7 d, 20°C/5 d, and 27, 30, 33 and 37°C/2 d).
Analysis of means by Duncan's Multiple Range Test indicated that
plates incubated at 2, 33 and 37°C had significantly fewer colonies.
Colonies picked from plates originally incubated at 2 or 37 °C grew
easily when streaked on plates incubated at 20-27°C.

A 27°C incuba

tion for 2 d was suggested as a temperature-time combination which
would allow all types of organisms to grow.
Hartley et al. (52) examined the effect of 4 temperature-time
combinations (32°C/2 d, 28°C/4 d, 21°C/5 d and 7°C/10 d) on plate
counts of 56 manufacturing grade and 103 grade A raw milk samples.
Analysis of variance with each type of milk indicated highly signif
icant differences (P<,01) due to temperature-time combination.

High

est mean logarithm of counts was obtained at 21°C for both raw milk

grades.
7°C.

Mean logarithm of counts was higher at 28°C than at 32 or

An incubation temperature of 28°C for 4 d was recommended as

the preferred temperature-time combination.

Observed differences due

to incubation temperature were considered to reflect the effects of
improved cooling facilities and longer storage periods on the psychrophile population of raw milk.
Randolph £t al. (96) concluded that for grade A producer milk, a
27°C plate incubation temperature offered no advantage over 32°C.
Correlation between counts at the two incubation temperatures was
0.96.

Of the 155 producer samples examined, 57.5% had higher counts

at a plate incubation temperature of 32°C.

Samples containing less

than 100,000 bacteria per ml had a higher mean count at the 32°C plate
incubation temperature while samples having greater than 100,000 bac
teria per ml had a higher mean count at 27 °C.
Roughley et al. (101) observed that both temperature and time of
of incubation affected plate count estimates.

Plate counts on 164 raw

and 76 pasteurized milk samples were determined after plate incubation
at 30 and 32°C for 48 and 72 hours.

Using Duncan's Multiple Range

Test, means of the 4 temperature-time combinations were found to be
significantly different (P<.05).

The geometric mean of counts at

30°C for 48 h was 15% higher than the mean of counts at 32°C for 48
hours.

In addition, the geometric mean of counts for all plates In

cubated for 72 h was 31% higher than the mean for plates incubated for
48 hours.
The effect of 3 different types of agar, 3 types of buffer and 2
incubation times on plate counts of 40 manufacturing grade and 40
grade A raw milks has been examined (71).

Of the 18 possible combin-

ations of medium, diluent and incubation temperature, highest counts
for both grades of milk were obtained using standard methods agar,
phosphate buffered dilution water and a plate incubation temperature
of 28°C for 72 hours.
Results of a study by an IAMFES Subcommittee for the Examination
of Milk and Milk Products (59) indicated that at an incubation temp
erature of 30 or 32°C, significantly higher (P<.01) plate counts for
raw milk were obtained when incubation time was extended from 48 to
72 hours.

Over all samples tested, the arithmetic plate count mean

for the 72 h plate counts was 17% higher than the 48 h plate counts.
The committee stated that if the objective of the standard plate count
was to determine the greatest possible numbers of total bacteria in
raw milk, then extension of the incubation period to 72 h from 48 h
should be considered.
In retrospect, the standard plate count has historically been
the main cultural procedure used to determine viable bacterial pop
ulations in dairy products (2,63),

The literature suggests however,

that the scientific community was not entirely satisfied with this
method of microbial enumeration.

Aside from being inaccurate, the

standard plate count has been criticized as being time consuming and
expensive (6,36,37,63,92), not indicative of raw milk quality (6,16,
50,51,65,66,71,96,101,125,126) and slow as a means of generating bac
terial population estimates (37,41).

Regardless of the drawbacks or

problems associated with the standard plate count, it is officially
considered as a suitable method for measuring bacterial populations
in most types of dairy products (2).

7
Oval Tube Count
The oval tube count (83) is currently recognized by the American
Public Health Association (2) as an alternate method for determining
the total bacteria count of raw milk.

The method consists of trans

ferring an aliquot of milk to an oval tube containing tempered
Standard Methods Agar.

A standardized, platinum-rhodium or platinum-

iridium loop, calibrated to contain 0.001 ml of milk, is used as the
transfer instrument.

Following transfer of a loopful of milk, the

4 ml of agar and loopful of milk are mixed thoroughly and the oval
tube is placed in a horizontal position untill the agar solidifies.
Oval tubes are Inverted and incubated for 48 h at 32°C in a horizontal
position.

For counting purposes, tubes containing 30-100 colonies are

desirable.
Myers and Pence (83) compared the oval tube count and, the stand
ard plate count for enumeration of total bacteria in 77 samples of
laboratory pasteurized milk.

Count differences on individual samples

between the oval tube counts and the standard plate counts were no
greater than would be expected by comparing duplicate standard plate
counts on the same sample.

Reduced quantities of agar and incubation

space requirements, elimination of dilution blanks and pipets along
with reduced assay time were considered distinct advantages of the
oval tube count.
Donnelly et al. (25) found no significant difference (P<C .01) in
mean oval tube count and standard plate count.

Wilson (129) determin

ed the viable count of raw milk samples using the oval tube count and
standard plate count.

Routine two dilution standard plate counts

8
and single oval tube counts were conducted on 389 samples; the balance
of the analyses were at least duplicates of each method.

In 48.9% of

the samples, an equivalent count was found with each method.

The

standard plate count yielded significantly higher counts than the oval
tube count in 39.6% of the samples.

Oval tube counts were higher than

standard plate counts in the remaining 11.5% of the samples.

Suggest

ed explanations by Wilson (129) for non-equality of standard plate
counts and oval tube counts Included variation in milk leucocyte con
tent, effects of milkfat content at sampling temperatures and increas
ed oxygen content of oval tube media compared with the same media in
petri dishes.

In spite of demonstrating a difference between paired

oval tube counts and standard plate counts, Wilson (129) felt that
oval tube counts could be used with confidence as a simplified method
for the purpose of screening producer raw milk samples.
Plate Loop Count
The plate loop count (114), like the oval tube count, is currently
recognized by Standard Methods for the Examination of Dairy Products
(2) as an alternate method of determining the total bacteria count of
raw milk.

Equipment necessary for the test includes a standardized

platinum-rhodium or platinum-iridium loop, calibrated to contain 0.001
ml of milk, a hypodermic needle and a Cornwall continuous pipetting
outfit.

The calibrated loop is inserted in the needle bore which is

then connected to the syringe.

Following sterilization, sterile di

lution water is pumped into the syringe.

A loopful of milk is removed

from a sample container then rinsed into a sterile petri dish with a
1 ml discharge of diluent from the syringe.

Addition of agar, incuba

tion and counting procedures are identical to that of the standard

plate count (2),
Several studies comparing plate loop counts to standard plate
counts have been reported.
samples by both methods.

Thompson et al. (114) examined 51 raw milk
Variation between the standard plate count

and plate loop count on the same sample was usually of the same order
of magnitude as variation in replicate platings of the same sample by
the standard plate count.

Using a 0.01 ml loop, pasteurized milk

products, including skim, homogenized, 2% homogenized and laboratory
pasteurized samples were analyzed by the plate loop and standard plate
count methods (115).

Eighty-seven percent of the plate loop counts

was within 15% of the expected mean.

In the same study, 8 replicate

plates of 3 different samples were prepared by each method.

In all

cases the plate loop count was lower than the standard plate count
(range of 3.3-12.5% lower).

Coefficients of variation ranged from

9.0-10.8% for the plate loop counts and from 6.0-12.8% for the stand
ard plate counts.
Tatini et al. (113) analyzed total bacteria counts of 231 manu
facturing grade can samples and 218 manufacturing grade farm bulk tank
samples by both methods.

Mean counts by the plate loop count method

were lower than the corresponding mean standard plate counts regard
less of sample type.

With the exception of farm bulk tank samples hav

ing <100,000 bacteria per ml, when samples were grouped into two bac
terial density groups (< 100,000/ml and >100,000/ml), analysis of var
iance using a randomized block design indicated a highly significant
difference (P<.01) between the two counting method means for all
groups and types of milk samples.

The proposed explanation for this

observation was that a larger number of clumps were likely to be found

in milk with a higher bacterial count than in milk with a low bacter
ial count.

Shaking of dilution bottles for the standard plate count

procedure tended to reduce clump size thus increasing the standard
plate count.

In a similar study (131), a significant (P< .01) linear

regression coefficient (b=1.17) was found for regression of standard
plate count on plate loop count for AO manufacturing grade samples
containing < 200,000 bacteria per ml.

Counts of 25 samples containing

>200,000 bacteria per ml were not found to be significantly differ
ent.
Olsen and Richardson (88) reduced the volume of diluent to 0.5 ml
from 1.0 ml then spread the dilution on pre-poured agar plates.

The

modified technique, termed the flooded plate loop count, was used to
examine 27 raw milk samples.

Correlation of flooded plate loop counts

with plate loop counts was 0.91.

Suggested advantages of the flooded

plate loop count included refrigeration of pre-poured plates and fewer
problems with heat damaged cells.
Brodsky and Ciebin (10) have reported a collaborative comparison
of the standard plate count and plate loop count methods.

Plate loop

counts of one sample analyzed at 13 different laboratories were com
pared to 10 replicates of the same sample by the standard plate count.
Mean counts by the two viable count methods were comparable (log^ SPC
X = 1.96 per ml, s = 0.034; l°gjQ PLC X = 1.97 per ml, s = 0.082).
Spiral Plate Count
The spiral system for plating and counting bacteria relies on the
mechanical deposition of a progressively decreasing amount of sample,
in the form of an Archimedes spiral, on the surface of an agar plate.
Using commercially available equipment, a total of 35 pi of sample is

11
deposited.

The volume of sample on any portion of the plate Is always

known and constant.

A circular grid, which divides plates into areas

of known sample volume, aids in spiral plate colony counting.

Since

the Archimedes spiral stops before the meniscus of the plate is reach
ed, colonies are counted only on the clear, level portion of the agar
plates.

Bacterial density of the sample can be estimated by dividing

the number of colonies in a defined area by the volume of sample de
posited in the same area.

This method, which permits measurement of

bacterial numbers in solutions containing between 500 and 500,000 bac
teria per ml, has been recognized by the American Public Health Asso
ciation (2).
The spiral plate technique was developed to reduce skilled man
power, assay time and supply costs associated with the standard plate
count method.

Studies comparing total counts by the spiral plating

system and the standard plate count have been reported.

Gilchrist

et al. (39) compared spiral and pour plating methods with split milk
samples including homogenized, chocolate, 3 homogenized samples amend
ed with 2, 15 and 18% sterile cream and 3 raw samples amended with 6%
sterile cream.

All samples were spiked with cultures of Lactobacillus

casei or Micrococcus B.

Over all samples tested, spiral plate counts

were 14% higher than pour plate counts.

Means of methods were signif

icantly different (P< .01) while variances between duplicate plates
were comparable.
Donnelly £t al. (26) determined the bacterial content of 201 sam
ples of raw and pasteurized milk using the spiral count and the stand
ard plate count.

When applied to raw milk, geometric means of the two

methods were significantly different (P< .01).

Spiral plate geometric

means were 3% greater than standard plate count means for raw milk,
3% lower for homogenized and 6.7% lower for chocolate and skim milks.
Replicate variance for the spiral plate count method was slightly less
than the standard plate count variance for both raw and homogenized
milk, but greater for chocolate and skim milk.

A paired t test com

paring manual counting of spiral plates to automatic counting with a
laser spiral plate counter indicated no significant difference (P<
.01) in the counting methods.
In a collaborative study, 14 assorted milk samples were analyzed
for standard plate count by at least 184 state milk laboratories and
for spiral plate count by 6 laboratories (91).

When compared to all

state laboratories involved in the study, spiral plate counts ranged
from 18.2% lower to 14.3% higher than the standard plate count geomet
ric means.

Mean standard plate counts on 5 groups of samples from 20

randomly selected state milk laboratories were not significantly dif
ferent from spiral plate count means for the same samples.
Microtiter Technique
Fung and Kraft (35) described a rapid microtiter technique which
can be used to enumerate viable bacterial cells in milk.

Pre-steri-

lized plates consisting of 8 rows of 12 small wells were used as ves
sels for dilution water.

Into each well, 0.225 ml of diluent was

aseptically dispensed using an automatic pipetting machine.

Sterile,

calibrated loops were used to deliver 0.025 ml of each sample into the
first row of microtiter wells.

Loops were also used to mix the 1 : 10

dilutions in subsequent rows of wells.

The desired serial dilutions

were then spotted on pre-poured agar plates using calibrated droppers
or an aliquot of dilution was spread over the entire surface of an

agar plate using a bent glass rod.
Fung and LaGrange (36) compared viable counts of 34 manufacturing
grade and 13 grade A milk samples using both the microtiter and stand
ard plate count procedures.

Microtiter plates were incubated ay 32°C

for 15-20 h before counting.

A significant correlation coefficient

(P<.01, r = 0.60) was found between standard plate count and the
microtiter count for manufacturing grade samples.

A significant cor

relation coefficient (P< .05, r = 0.65) was found for the grade A sam
ples .
The microtiter technique has been used in conjunction with the
most probable number technique (MPN) to determine viable cell count
(37).

Eight pure culture samples and 4 milk samples were evaluated

using the microtiter/MPN and standard plate count procedures.

A sig

nificant correlation coefficient (P<,01, r = 0.80) was found between
the two methods.
A microtiter technique modified to include a 48 h incubation pe
riod and agar overlays was used in a collaborative study comparing the
microtiter and standard plate counts (38).

Four laboratories partic

ipating in the study analyzed a maximum of 100 raw milk samples.

When

results were grouped into sets of 25 paired observations per set, and
analyzed by the paired t test, means of 7 of the 8 sets were not sig
nificantly different (P >.05).

The authors concluded that the micro

titer technique was statistically acceptable for making viable cell
counts of raw milk when compared with the standard plate count method.
Reported advantages of the microtiter technique included space savings
in operation and incubation, savings of diluent, agar and petri dishes,
and reduced sterilization, preparation and cleaning time.

Disadvan
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tages Included skilled labor requirements, laboratory accidents re
sulted in more samples lost per plate and pipetting machine must be
checked frequently and is difficult to calibrate.
Casas et _al. (13) compared microtiter and standard plate count
methods as estimates of mesophile, psychrotroph and coliform content
of raw and pasteurized milk samples. Analysis of 45 raw milk samples
yielded significant (P<.01) linear regression coefficients of 0.935,
0.895 and 0.974 for mesophilic, psychrotrophic and coliform bacteria
counts.
Membrane Filtration
In the field of water analysis, the membrane filter technique has
found widespread application and acceptance as a microbiological meth
od (3).

Features such as a high degree of reproducibility, the pos

sibility of testing large volumes of sample and the ability to yield
definite results more rapidly than standard procedures have rendered
membrane filtrations routine in the analysis of water samples.

Mem

brane filtration has not had widespread acceptance among food micro
biologists because food suspensions are generally viewed as being unfilterable (108).

Improvement of filterability of foods, including

dairy products, has been examined.

Combinations of Tween 80, j>.

griseus protease and tris-hydrochloride have been shown to increase
the filterability of variable fat content milks, frozen dairy products
and powdered skim milk (37).

A similar study has indicated increased

filterability of dairy products due to treatment with Tween 80 and
tripsin, protease, diastase or gelatinase (30).
Membrane filtration of ice cream samples prior to coliform deter
mination has been used as a method of eliminating sucrose from coli-

form selective media (85).

Filterability of liquified ice cream was

enhanced by dispersing 0.5 ml of sample in 20 ml of 0.1% triton X-100
warmed to 48°C.

Following filtration, membranes were transfered to

absorbant pads saturated with M-endo-MF broth.

Coliform counts of

spiked ice cream samples were in all cases higher than counts obtained
on desoxycholate lactose agar plates.

Greater recoveries by the mem

brane filtration technique were attributed to the difficulty of count
ing the desoxycholate lactose agar plates.
Busta and Speck (11) used the membrane filter technique to elim
inate substances in milk that inhibit the growth of Bacillus stearothermophilus on agar plates.

Milk samples inoculated with 13.

sterothermophilus strain 1518 were mixed with 50 ml of 0.1% triton X100 and then filtered.

Filters were placed in pre-poured plates of

TGE agar then overlayed with 2 ml of medium.

With the exception of

autoclaved milk samples, membrane filter counts of 13, stearothermophilus were higher than standard plate counts.

Membrane filter tech

niques have also been used to enumerate and isolate sub-lethally in
jured bacteria in milk (15,42).
Graves and schipper (44) surveyed the bacterial flora of milk
from a normal udder using the membrane filter technique.

Microbial

distribution based on this technique differed from the distribution
based on an 18 h Hotis test with streaking on blood agar plates.

They

suggested that the 18 h incubation period of the Hotis test permitted
rapid growing bacteria to predominate thus altering the true distribu
tion of intramammary microbial flora.
Pettipher ^t _al. (93) used a combination of membrane filtration
and epifluorescent microscopy for direct enumeration of bacteria in
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raw milk.

Somatic cells, which in part reduce the filterability of

raw milk were lysed by treatment with trypsin and triton X-100.

Bac

teria from 2 ml of sample were concentrated on polycarbonate membrane
filters.

After staining with acridine orange, the membrane was air

dried, mounted on a slide and examined microscopically with the aid
of an epifluorescent illuminator system.

Correlation between membrane

clump counts and plate counts for 90 samples of farm, tanker and silo
milks was 0.91.
Impedance Measurements
Impedimetric methods have been used in the quantitative estimat
ion of coliforms in ground meat (77) and to detect microbial contam
ination in frozen vegetables (49) and cereal grain products (109).
The impedance method of bacterial detection is based on changes in the
electrical resistance of a fluid induced by growth of microorganisms
in the fluid (12).

Impedance monitors are used to detect the change

in the resistance of a fluid.

Detection time is used as an estimate

of the initial concentration of organisms in the sample; the shorter
the detection time, the greater the initial population.
impedance assay equipment is commercially available.

Currently,

Individual sam

ples are monitored for resistance changes in pre-sterilized disposable
modules fitted with stainless steel electrodes.
Cady et al. (12) used impedance measurements to segregate raw
milk samples on a bacterial content basis.

Correlation between de

tection time and standard plate counts for 27 samples was -0.80.
ing

Us

a detection time of 10 h, samples were segregated into groups

greater or less than 10,000 organisms per ml.

With this impedance

classification scheme, 92.6% of the samples yielded agreement between

impedance and standard plate count classification.

In a similar

study, Gnan and Luedecke (41) determined the initial microbial content
of 300 farm bulk tank samples.

Yeast extract was added to some sam

ples to determine if detection time could be reduced.

Detection times

of milk samples amended with 1% yeast extract prior to impedance meas
urement were reduced by 1.25-2.17 h.

Correlation of detection time

with logarithm of the standard plate count for raw milk, raw milk plus
1% yeast extract, preliminary incubated milk and preliminary incubated
milk plus 1% yeast extract was -0.77, -0.88, -0.80 and -0.79, respec
tively.

Scattering of points along the regression line did not permit

generation of a prediction equation.

However, a classification scheme

was employed to evaluate raw milk based on detection time.

O'Connor

(86) found 81% agreement between impedance measurements and standard
plate counts when used to classify milk into two quality categories,
above or below 100,000 organisms per ml, in 8,5 hours.

Bacterial Enumeration as Related to Adenosine-5'-triphosphate
Adenosine-5'-triphosphate (ATP) is a universal carrier of utilizable biological energy (17,72,110).

Energy requiring processes in

living cells, either procaryotic or eucaryotic, are directly or in
directly coupled to the conversion of ATP to adenosine-5'-diphosphate
(ADP) and inorganic phosphate (P^)•

Due to the presence of high en

ergy phosphoryl bonds, ATP is an excellent phosphorylating agent and
is required in initial substrate oxidation reactions and for the bio
synthesis of polysaccharides, proteins, lipids, RNA and DNA (43).

Be

ing essential for cellular work of all kinds, the ubiquitous nature of
ATP in all living cells renders its measurement an indicator of bio

logical life (75).
ATP measurements in many diverse biological systems have been
based on the discovery that the bioluminescent reaction of fireflys
(Photinus pyralls), involving the luciferin-luciferase enzyme sub
strate system, had an absolute requirement for ATP (78).

The enzyme

luciferase has been defined as a protein that catalyzes an oxidation
reaction in which one of the products is left in an excited state that
subsequently decays to emit light (82) . The reactions catalyzed by
luciferase (E) include the production of luciferyl adenylate (LH2~AMP)
from luclferln (LH2) and ATP (equation 1), the oxidation of luciferyl
adenylate (equation 2) and the formation of dehydroluciferyl adenylate
(L-AMP) (equation 3).

M

++

LH2 + E + ATP -- ==--- > E*LH2 - AMP + PP

(1)

E-LH2 - AMP + 02 ----- > Oxyluciferin + CC>2 + Light + AMP

(2)

M

++

L + ATP + E -- ^ -----> L - AMP + PP

(3)

The initial reaction of bioluminescence is an activation reaction
in which adenylic acid (AMP) is transfered to the carboxyl group on
the #1 carbon of luciferin (82).

This type of activation is not

unique, but analogous to the activation reactions catalyzed by fatty
acyl coenzyme A synthetase and amino acyl-tRNA synthetase (81).

Acyl

adenylates of this nature are highly reactive in aqueous solution and
can be rapidly hydrolyzed to release AMP and acyl derivatives.

How

ever, conformational changes in the enzyme, as revealed by tritium-
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hydrogen exchange rates, Indicated that in the presence of substrates,
certain regions of the protein became inaccessable to water and other
nucleophiles which could react with the acyl adenylate (19),

Thus,

the LH2 - AMP formed is tightly bound to the enzyme where it remains
stable.

Following activation, the luciferyl adenylate is oxidized to

oxyluciferin with the release of CO^, AMP and one quantum of light
(82).

Luciferase will also catalyze the activation of dehydrolucif-

erin (L) (equation 3), a compound which is a common contaminant of
luciferin preparations (82).

The formation of dehydroluciferyl aden

ylate by this mechanism constitutes a light inhibition reaction due to
the absence of a subsequent oxidation with photon emission.

Although

dehydroluciferin is an inhibitor, it has been used as a powerful an
alytical tool to investigate enzyme binding sites and conformational
changes of luciferase (18).
The kinetics of the purified luciferase catalyzed reaction has
been studied (20).

Following rapid mixing of the substrates with

luciferase, there was a 25 millisecond lag before any significant
light emission was observed.

Within 0.5 seconds, light emission rose

to a peak which was directly proportional to the concentration of ad
ded ATP, provided that luciferin was in excess.

Light emission fol

lowing peak-height emission decreased at an exponential rate with
time.

The area under the curve generated after peak-height emission

was also proportional to the added ATP concentration.
Luciferase which has not been purified is termed crude luciferase
(68).

The difference between crude and purified luciferase is the

presence of transphosphorylase enzymes and dehydroluciferin in the
crude preparations (21).

Both enzyme preparations catalyze the activ
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ation and oxidation of luciferin with subsequent light emission.

How

ever, since transphosphorylase enzymes such as pyruvate kinase and
adenylate kinase can transfer high energy phosphate groups to AMP or
adenosine diphosphate (ADP) (55,128), the amount of light emission
produced may not reflect the original concentration of ATP added to
the reaction mixture.

It is noteworthy however that transphosphoryl~

ase reactions occur at a slower rate than the time required to reach
peak height emission (94).

The presence of dehydroluciferin in crude

preparations may lead to a very rapid decay of light emission to a low
level (21).

Rapid decay of luminescence is frequently overcome by the

addition of arsenate buffers to crude preparations.

Arsenate lowers

peak height emission and prolongs the length of post peak height emis
sion permitting ATP quantification with light detection systems which
are unable to measure peak height emission.

Preparations containing

arsenate greatly lower the sensitivity of the ATP assay and are not
recommended for assays using peak height measurements (21).
Two key properties of the luciferin-luciferase biolumlnescent re
action render it applicable to the quantitative measurement of ATP.
First, the amount of light produced during the reaction is directly
proportional to the concentration of luciferin and ATP in the reaction
mixture (80).

One quantum of light is emitted for every luciferin

molecule oxidized if the pH of the reaction mixture is slightly alka
line (106).

Thus, with the proper chemical reaction mixture contain

ing an excess of luciferin, the amount of light produced will be di
rectly proportional to the concentration of added ATP.

Secondly, ATP

is the primary high energy nucleotide that participates in the bioluminescent reaction.

Deo^ribose ATP (dATP) will produce approximately

5% of the activity of ATP (21).

Laboratory synthesized 3-iso-ATP,

having a ribose molecule attached to the #3 position of the adenine
ring, has been shown to be 10-15% as effective in light production as
ATP (82).

McElroy and Green (80) reported that adenosine tetraphos-

phate (ATPP) produced 15% of the activity of ATP, but felt that ATP
may have been a contaminant of the ATPP preparation.

In the same

study, uridine triphosphate (UTP), cytosine triphosphate (CTP), guanosine triphosphate (GTP) and inosine triphosphate (ITP) were shown to
be inactive in light production.

Using a crude luciferase preparation,

Saint John (104) found a 9% increase in calculated ATP concentration
when 5.0 X 10

ADP, GTP, UTP or pyrophosphate were added to the re

action mixtures.

Dufresne and Gitelman (28) found that 1 mM ADP yield

ed counts equivalent to a 5.0 X 10
erase preparation.

ATP solution with a crude lucif

Holmsen £t al. (57) found no significant increase

in emitted light when a 2 pM ADP solution was mixed with ATP at a
ratio of 25 : 1.

The degree of analytical interference due to high

energy nucleotides other than ATP was considered to be a function of
the contaminating transphosphorylase enzyme concentration, the method
of light detection and the ATP : nucleotide triphosphate ratio (56).
Luciferase activity is influenced by environmental factors such
as pH, temperature and ionic composition of the reaction mixture.

Due

to possible differences in the tertiary and quaternary structure of
different luciferase molecules (81,82), the effect of environmental
factors is variable.

The pH of the reaction mixture affects both the

wavelength of emitted light and the number of light quanta emitted per
molecule of luciferin oxidized (106).

Peak emission of firefly biolu

minescence was 562 nm at a pH value of 7.1.

However, if the pH was

lowered to 5.4, peak emission shifted to 614 nra.

Not only was there

a shift in the color of the emitted light, from yellow-green to red,
but there was also a decrease in the number of light quanta emitted.
Several optimal pH values ranging from pH 7.4-7.8 have been reported
(21,45,79,112).

The temperature activity profile of luciferase in an

ATP saturated reaction mixture is a typical bell curve with a peak be
tween 23 and 25°C (45,79).

The presence of organic and inorganic ions

in the reaction mixture can reduce analytical accuracy through chela
tion of ATP or by decreasing luciferase activity (56).

Thus, depend

ing on the method of sample preparation, the ionic composition of the
sample could modify that of the reaction mixture.

Equimolar concen

trations of reaction mixture cations inhibited bioluminescence in the
f ^
^
order of Ca > K > Rb > Li > choline (1). A concentration dependent
inhibition of bioluminescence by anions in the order of SCn >N0^ >
I >Br

>C1 has been demonstrated (22).

Anion concentrations studied

were below that expected for protein denaturatlon with inhibition be
ing reversible, and inhibition was thought to be caused by the binding
of anions to the active site of luciferase.
The luciferin-luciferase assay has previously been used to measure
viable organisms in many diverse environments including water (54,61,
73,74), soils (29,62), rumen fluids (31,32,34,130) and foods (9,107,
120).

For ATP measurements to be of value in enumerating microorgan

isms, a relationship between ATP measurements and a presently accepted
method of cell enumeration must be established.

D'Eustachio et al.

(24) followed the growth of 13 bacterial species using the plate count
technique and ATP measurement.
plate count was 0.93.

Correlation of logarithm of ATP and

Chappelle and Levin (14) observed a linear re

lationship between extracted ATP and plate counts or direct microscopic
counts of diluted suspensions of stationary phase Bacillus globiggi
cells.

Measurement of bacterial populations on the basis of culture

ATP content was considered to be an acceptable alternative to classical
cell counting techniques.
Growth of pure cultures of Staphylococcus aureus, Pseudomonas sp.
and Serratla marcescens in batch culture has been studied using plate
counts and ATP measurements (127).

Growth curves based on culture ATP

content and plate counts of S^. aureus were similar during lag and ex
ponential growth phases.

Early in the stationary phase of growth,

culture ATP content decreased rapidly to a low level.

A similar de

cline in culture ATP content at the onset of the stationary phase was
noted with Pseudomonas sp. and J3. marcescens.
Culture ATP concentration has been compared to plate counts and
14
C thymidine uptake as an alternate criterion of growth in batch cul
ture of Spiroplasma citri (103).
concentration per cell and
stant.

During a 43 h exponential phase, ATP

14
C thymidine incorporation remained con

Increases in extracted ATP were proportional to increases in

plate counts and

14

C thymidine during exponential growth.

bolic activity subsided as indicated by plate counts and
incorporation, ATP concentration per cell decreased.

When meta14
C thymidine

Since ATP con

centration per cell remained constant during exponential growth, and
culture ATP content increased in proportion to plate count increases
during this period, the authors considered culture ATP content to be
an excellent growth parameter.
As an alternative to mycelial biomass determination by dry weight
or protein determinations, Hendy and Gray (53) measured ATP extracted
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from Trlchoderma vlrlde during growth on glucose.

Cell concentration

and ATP concentration paralled each other during the 40 h fermentation.
Graphs of both sets of measurements indicated lag, exponential and
stationary phases of growth.
Several dairy applications of the luciferin-luciferase assay have
been reported.
cell content.

Hannaford (48) examined 12 raw milk samples for somatic
Correlation between Coulter counter somatic cell con

tent and light emission during the luciferin-luciferase assay was 0.98.
Using a crude luciferin-luciferase preparation, Walser et al. (121)
attempted to relate milk ATP content to somatic cell content.

Repro

ducibility with a single enzyme substrate preparation was acceptable
yet in the absence of a standardized reagent, no direct relationship
between light emission and somatic cell content was found.

Kolehmainen

(70) described a procedure for somatic cell estimation using the
luciferin-luciferase assay.

Somatic cell ATP was extracted with a

non-ionic detergent and light emission was monitored with a portable
ATP photometer.

Correlations of ATP measurements and electronic

somatic cell counts were 0.93-0.97.

Bossuyt (7) used a purified

luciferin-luciferase reagent in conjunction with a selective somatic
cell ATP extraction reagent to estimate the somatic cell content of 71
farm bulk tank milk samples.

Correlation between extracted ATP and

Coulter counter somatic cell count was 0,91.

Mean milk sample somatic

cell ATP concentration was shown to decrease sharply over a 3 d period
at 4°C while the decrease in mean cell content was very slight.
Richardson et al. (100) used a crude luciferin-luciferase prep
aration to determine the amount and location of ATP in raw milk.
Levels of ATP itf whole raw milks and in the corresponding skim milks

ranged from 0.21-0.28 pmoles/L.

The ATP content of milk other than

somatic cell or bacterial cell ATP, was considered to be sequestered
in the colloidal calcium phosphate-citrate complex associated with the
casein micelle.

In a similar study, Zulak at al. (132) found ATP con

centrations ranging from 12.4-37.6 ymoles/L in goat milk.
The luciferin-luciferase assay has been used to estimate the bac
terial content of raw milk (8).

An ATP extracting reagent, which was

selective for somatic cell ATP, was used toextract somatic cell ATP
which was then hydrolyzed with an ATPase reagent.

Concentration of

bacterial cell ATP was determined with a purified luciferin-luciferase
reagent.

Correlation of the ATP content of 48 tank truck samples and

standard plate counts was 0.93.

Tank truck standard plate counts

ranged from 100,000-10,000,000/ml.

Correlation between the ATP content

of 209 farm bulk tank samples and standard plate counts was 0.93.
tank standard plate counts ranged from 10,000-10,000,000/ml.

Bulk

Measure

ment of milk sample ATP content was considered to be an acceptable
method of detecting high bacteria count milk.
Britz et al. (9) found a significant (P<.01) linear relationship
between ATP measurements and plate counts of milk samples spiked with
Streptococcus cremoris cells.
was used for ATP determination.

A crude luciferin-luciferase preparation
Low sensitivity and scattering of ATP

values along the regression line were considered major problems of the
assay.

In a similar study, Ryan (102) used ATP measurements to follow

the growth of Streptococcus thermophilus in sterile skim milk.

Due to

plate counting difficulties, a relationship between plate counts and
culture ATP content was never established.

When the culture ATP

content was plotted against time, the graph resembled a typical growth

curve which indicated exponential and stationary phases of growth.
Westhoff and Engler (123) used the luciferin-luciferase assay to de
tect penicillin residues in milk at concentrations above 0.005 IU.
The authors suggested that ATP analysis may have potential in testing
for antibiotic residues other than penicillin.

MATERIALS AND METHODS

Milk Samples
Over a 5 month period, a total of 200 raw milk samples were col
lected from 2 Louisiana milk plants.

One plant, from which 148 sam-
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pies were obtained, received 4.0 X 10 - 11.0 X 10 pounds of milk

per month which were processed into condensed milk and barrel cheese.
Each tank truck that was unloaded at this plant contained milk from
approximately 14 milk producers.

The second plant, from which 52

samples were obtained, received an average 1.0 X 10

pounds of milk

per month which were processed into fluid milk and ice cream.

Each

tank truck that was unloaded at this plant contained milk from approx
imately 8 milk producers.
Samples collected at the 2 processing plants included transport
tanker milk and silo milk.

Samples were then stored in sanitized

plastic containers (Republic Molding Corp., Chicago, IL 60648) which
were transported on ice to the LSU Department of Dairy Science labo
ratory.

Upon arrival, three 100 ml sub-samples were aseptically re

moved from each raw milk sample and placed in 177.4 ml (6 oz) Whirl
Pack bags (Nasco, Fort Atkinson, WI 53538).
One sub-sample (Fresh) was immediately analyzed for Standard
Plate Count (SPC), Psychrotrophic Bacteria Count (PBC), Proteolytic
Count (PC), tyrosine content and adenosine triphosphate (ATP) con
tent.

The 2 other sub-samples underwent preliminary incubation; one
27
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sub-sample (PI 12.8) at a preliminary incubation temperature of 12.8°C
for 18 h and the other (PI 7.2) at 7.2°C for 48 h.

Following prelim

inary incubation, the bacterial and chemical analyses that were con
ducted on the Fresh sub-samples were also done on the preliminary
Incubated samples.
The original samples in plastic containers were stored at 2.2°C
for 5 days to simulate low temperature bulk silo storage conditions.
On days 2, 3, 4 and 5 of low temperature storage, each sample was
analyzed for SPC, PBC, PC and tyrosine content.

Microbiological Tests
Methods as outlined in Standard Methods for the Examination of
Dairy Products (2) were used for the SPC and PC.

Psychrotrophic

Bacteria Count was determined by the method of Oliveria and Parmelle
(87) using Tryptone Glucose Extract Agar plates incubated at 21°C for
25 hours.

Proteolysis
The Hull test was used to measure the degree of proteolysis in
milk samples (60).

In a 16 X 150 mm test tube, 5 ml of milk sample

and 10 ml of 0.72 N trichloroacetic acid (TCA) were combined and
shaken.

The TCA precipitated the milk proteins and prevented further

enzymatic activity.

Immediately following protein precipitation, 1

ml of distilled water was added to the test tube.
reshaken and allowed to react for 10 minutes.

The mixture was

The TCA-milk-water

mixture was then filtered through Whatman // 40 filter paper (Whatman
Laboratory Products, Inc., Clifton, NJ 07014) and 4 ml of the fil-
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trate were transferred to a clean, dry 29.6 ml (1 oz) plastic cup.
While the contents of the cup were continuously agitated by hand, 10
ml of a sodium carbonate-sodium tetraphosphate solution (1.42 M ^200^,
0.06 M NatPO^)^ in distilled water) were added followed by 3 ml of
Folin Ciocalteau reagent.

The blue color was allowed to develop for

at least 5 min prior to measuring percent transmittance at 650 nm with
a Bausch and Lomb Spectronlc 20 spectrophotometer.

Percent transmit

tance readings were converted to milligrams tyrosine per 5 ml sample
by use of a tyrosine standard curve.

Tyrosine Standard Curve
A standard stock tyrosine solution in distilled water was prepar
ed to contain 0.2 mg tyrosine/ml.

One ml of formaldehyde per L of

stock solution was used as a preservative.

The standard curve was

prepared in duplicate using 5 solutions (0.4, 0.2, 0.08, 0.02 and 0.00
mg tyrosine per 5 ml distilled water) and analyzed by the Hull test
procedure.

The standard curve was plotted using the log^Q of percent

transmittance as the Y axis and tyrosine concentration per 5 ml of
sample as the X axis.

A standard curve was prepared each time the

Hull test was conducted on a set of milk samples.

Adenosine Triphosphate Assay
The adenosine triphosphate (ATP) assay was conducted using equip
ment and reagents marketed by Lumac Systems, Inc., Titusville, FL.
All reagents necessary for the assay were supplied in a Milk Bacteria
Kit consisting of NRS reagent, L-NRB reagent, Lumit PM, Somase and
Lumit buffer.

Light emission during the assay was measured with a
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Biocounter M 2010 photon counter equipped with a Multijet Reagent
Injector System.
To determine the ATP content of a raw milk sample, 500 pi of NRS
reagent and 20 pi of Somase.
temperature for 45 minutes.

This mixture was incubated at ambient
During this period, somatic cell ATP was

selectively extracted by the NRS reagent and subsequently hydrolyzed
by the Somase reagent.

Following incubation, a 100 pi aliquot of the

milk-NRS-Somase mixture was pipeted into a cuvette which was placed
in the Biocounter chamber.

Using the Biocounter injector system, 100

pi of L-NRB reagent were added to the reaction cuvette.

The L-NRB

reagent is a non-selective ATP extracting reagent causing release of
bacterial ATP.

After a 10 s incubation period, 100 pi of Lumit buffer

were injected followed by 100 pi of Lumit PM reagent.

The Lumit PM

reagent consists of an enzyme and a substrate, luciferin-luciferase,
which reacts with ATP to produce light.

The light generated during

the reaction was integrated over time from the moment Lumit PM was
injected until 30 s after the reaction was initiated.

The Biocounter

records light generated during the reaction in digits representing
relative light units (RLU).

RESULTS AND DISCUSSION

Relationship Between Adenosine-5'-triphosphate Measurement and
Standard Plate Counts
Standard plate counts of Fresh samples (SPC-Fresh) and samples
that were preliminary incubated at 12.8°C for 18 h (SPC-PI 12.8) and
7.2°C for 48 h (SPC-PI 7.2) were compared to the respective ATP con
tents (ATP-Fresh, ATP-PI 12.8 and ATP-PI 7.2).
ients for non-transformed and
Table 1.

Correlation coeffic

transformed variables are shown in

Correlations of ATP content with SPC-Fresh, SPC-PI 12.8 and

SPC-PI 7.2 were 0.92, 0.81 and 0.87, respectively.

With Io S jq trans_

formed variables (prefixed with an "L"), correlations of LATP with
LSPC-Fresh, LSPC-PI 12.8 and LSPC-PI 7.2 were 0.72, 0.84 and 0.89,
respectively.

All correlation coefficients were significant (P<.01)

indicating a strong linear relationship between the standard plate
count and ATP content variables (89).

Bossuyt (8) reported a corre

lation coefficient of 0.93 between log1Q transformed ATP content and
standard plate counts of 48 tank truck milk samples.

Since the corre

lation coefficient was the only test statistic reported, it was not
possible to test for homogeneity of correlation coefficients (111).
An objective of this research was to determine if ATP content
could be substituted for the standard plate count in an effort to re
duce the amount of time required to determine the total number of vi
able bacteria in a milk sample.

To determine the relationship between
31
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TABLE 1.

Correlation coefficients between standard plate count (SPC)

and adenosine-5'-triphosphate (ATP) content for Fresh and preliminary
incubated raw milk samples.

Correlations

n

Coefficients

**

SPC-Fresha and ATP-Fresh

179

0.92

SPC-PI 12.8b and ATP-PI 12.8

188

0.81**

SPC-PI 7.2C and ATP-PI 7.2

179

0.87

LSPC-Fresh^ and LATP-Fresh

179

0.72

LSPC-PI 12.8 and LATP-PI 12.8

188

0.84

LSPC-PI 7.2 and LATP-PI 7.2

179

0.89

**
**
**
**

-Fresh indicates that the variable was measured on day zero.
-PI 12.8 indicates that the variable was measured following pre
liminary incubation of the raw milk samples at 12.8°C for 18 hours.
c
-PI 7.2 indicates that the variable was measured following pre
liminary incubation of the raw milk samples at 7.2°C for 48 hours.
^The letter "L" prefixing a variable indicates a l°g^Q transform
ation of that variable.

SPC and ATP content of raw milk samples, regression analysis (84) was
used.

The Fresh raw milk samples were classified into 2 sets; one set

contained observations having standard plate counts of 3.0 X 10^/ml or
less, while the second set contained observations having standard
plate counts of 1.0 X 10^/ml or less.

PI 12.8 samples were similarily

classified; one set contained observations having standard plate counts
g

of 1.0 X 10 /ml or less, while the second set contained observations
having standard plate counts of 1.0 X 10^/ml or less.
were classified the same as PI 12.8 samples.

PI 7.2 samples

Regression statistics

for non-transformed variables are shown in Table 2.
ratic regression coefficients were significant (P

Linear and quad
.01) in all but one

6
7
When the SPC range was reduced to 1.0 X 10 /ml from 3.0 X 10 /ml

case.

for Fresh samples, a large decrease in the coefficient of determination
2

(r

2

or R ) was observed.

This change in the coefficient of determin

ation indicated that when the range of SPC-Fresh was reduced, ATPFresh accounted for a smaller percentage of the variation in SPCFresh.

7
8
When SPC ranges were reduced to 1.0 X 10 /ml from 1.0 X 10 /ml

a decrease in the PI 12.8 and PI 7.2 coefficient of determination
values was observed.

Regression statistics for the

variables are shown in Table 3.
significant (P

transformed

Linear regression coefficients were

.01) for all types of samples.

Once again it was

observed that when the SPC range was reduced to 1.0 X 10^/ral from 3.0
7
7
8
X 10 /ml or to 1.0 X 10 /ml from 1.0 X 10 /ml, coefficient of deter
mination values decreased.
Previous research (8,9,14,24,33,47,53,116) has indicated a linear
relationship between cell count and ATP content for ^-°8jq transformed
data.

Statistics presented in Tables 1 and 2 indicate significant

TABLE 2.

Suaasry of regression coefficients

and coefficients of deternlnatlon (r2 or RZ) for linear regression aodels used

to Investigate the relationships between raw milk adenosine-^’-triphosphate (ATP) content and standard plate count (SPC) varlablea at
various SPC ranges*

Dependent Variable
SPC/sl Range

0 - 3.0 I 107

0 - t.O X 106

0 - 1.0 X 107

SPC-Fresh*

ATP-Fresh

SPC-Fresh

ATP-Fresh

ATP-Fresh2

SPC-Fresh

ATP-Fresh

ATP-Fresh2

SPC-Fresh

ATP-Fresh

SPC-Fresh

ATP-Fresh

ATP-Fresh2

SPC-Fresh

ATP-Fresh

ATP-Fresh2

SPC-PI 12.Bb

ATP-PI 12.8

SPC-PI 12.8

ATP-PI 12.8

ATP-PI 12.82

SPC-PI 12.8

ATP-PI 12.8

ATP-PI 12.82

SPC-PI 12.8

ATP-PI 12.8

SPC-PI 12.8

ATP-PI 12.8

ATP-PI 12.82

SPC-PI 12.8

ATP-PI 12.8

ATP-PI 12.82

SPC-PI 7.2C

ATP-PI 7.2

SPC-PI 7.2

ATP-PI 7.2

ATP-PI 7.21

SPC-PI 7.2

ATP-PI 7.2

ATP-PI 7.22

SPC-PI 7.2

ATP-PI 7.2

SPC-PI 7.2

ATP-PI 7.2

ATP-PI 7.22

SPC-PI 7.2

ATP-PI 7.2

ATP-PI 7.22

*3

ATP-Fresh3

ATP-Fresh1

ATP-PI 12.83

ATP-PI 12.B3

ATP-PI 7.23

ATP-PI 7.23

bl

b3

b2

0.76

1259.0**

0.78

1863.2**

-0.03

0.78

1212.5**

0.07

0.08

91.9**

0.11

363.9**

0.12

-97.6

0.74

1765.7**

0.79

2822,6**

-0.02**

0.81

1738.6**

0.03**

0.20

620.6**

-0.08*
0.27

0.67

1517.7**

-0.07**

0.68

1806.9**

-0.12*

0.60

1816.0**

0.75

3555.6**

-0.05**

0.75

3645.2**

0.06

0.38

1120.0**

0.65

3186.5**

0.67

4270.0

as

-3.3 X 10-6

1

0 - 1.0 X 10®

*2

M
O

0 - L.O X 107

*1

2
2
r or R

CO

0 - 1.0 X 10®

Y

Regression Coefficients

Independent Variables

-7.7 X

10’*

10

- 7* *

1.8 X 10“6

-1.1 X U f 7

-0.25**
-0.59**

2.3 X 10-5**

*-Freeh indicates that the variable was measured cm day xero*
k-pi 12.8 Indicates that the variable was measured fallowing preliminary Incubation of the raw milk samples at 12.8°C for 16 hours.
C-P1 7*2 indicates that the variable was measured following preliminary incubation of the raw milk samples at 7.2°C for 48 hours*
*P<.05.

U>

TABLE 3.

2
2
Summary of regression coefficients (bj,b2,b3) and coefficients of determination (r or K ) for linear regression models used

to investigate the relationships between 1°E^q transformed raw milk adenosine-S'-triphosphate (ATP) content and standard plate count
(SPC) variables at various SPC ranges.

0 - 3.0 X IQ7

RegressioniCoefficients

Independent Variables

Dependent Variable
SPC/ml Binge

Y

*1

LSPC-Freshab

LATP-Fresh

LSPC-Fresh

LATP-Fresh

*2

X3

r or K

b2

b i

0.45

1.48

0.49

-3.36

a

LATP-Fresh2

AA

LSPC-Fresh

LATP-Fresh

LATP-Fresh2

0.51

LATP-Fresh3

b3

0.74**
AA

12.01

-40.59

-1.11*

a*

0 - 1.0 I 106

0.06

LSPC-Fresh

LATP-Fresh

LSPC-Fresh

LATP-Fresh

LATP-Fresh2

LSPC-Fresh

LATP-Fresh

LATP-Fresh2

LSPC-PI 12.8°

LATP-PI 12.8

LSPC-PI 12.8

LATP-PI 12.8

LATP-PI 12.82

LSPC-PI 12.8

LATP-PI 12.8

LATP-PI 12.82

LSPC-PI 12.8

LATP-PI 12.8

LSPC-PI 12.8

LATP-PI 12.8

0.56

0.07

-4.01

0.76

0.08

-114.36

38.24

0.70

1.57

0.71

4.27

0.72

-8.63

0.42

1.28

0.46

7.05

LATP-Fresh3

-4.21

AA

0 - t.O X 10®

AA

LATP-PI 12.83

-0.38**
3.27

-0.34

aa

0 - 1.0 X 107

aa

LATP-PI 12.82

AA

-0.88
AA

a*

LSPC-PI 12.8

LATP-PI 12.8

LATP-PI 12.82

LATP-PI 12.83

0.52

-57.58

18.62**

-1.93

aa

0 - 1.0 X 10®

LSPC-PI 7.2d

LATP-PI 7.2

LSPC-PI 7.2

LATP-PI 7.2

LATP-PI 7.22

LSPC-PI 7.2

LATP-PI 7.2

LATP-PI 7.22

LSPC-PI 7.2

LATP-PI 7.2

LSPC-PI 7.2

LATP-PI 7.2

LATP-PI 7.22

LSPC-PI 7.2

LATP-PI 7.2

LATP-PI 7.22

0.78

1.67

0.83

6.86

-0.76**

0.83

8.37

-1.20

0.64

1.94

0.69

10.41

-1.36

0.70

-30.15

11.51

A*

LATP-PI 7.23

0.04

AA

0 - 1.0 X 107

A*

LATP-PI 7.23

AA

-1.34

AThe letter ML" prefixing a variable indicates a 1°&|q transformation of that variable,
k-Fresh indicates that the variable was measured on day aero.
C-PI 12.8 indicates that the variable was measured following preliminary incubation of the raw milk samples at 12.8°C for IS hours.
d-Pl 7.2 indicates that the variable was measured following preliminary Incubation of the raw milk samples at 7.2°C for 48 hours.
*P<.05.
a*
P< .01.

u>
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linear relationships, between SPC and ATP variables, for both log^g
transformed and non-transformed variables-

To determine if a logjg

transformation of the variables was necessary, residuals of regressions
of SPC on ATP for the 3 types of samples, the 2 classifications and
log^g transformed and non-transformed data were studied using graphic
residual analysis (27,84).

The analysis consisted of plotting resid

ual SPC against ATP values for each of the data sets.
calculated as the observed SPC minus the predicted SPC.

Residuals were
Residuals of

data for which a linear model is appropriate should fall within a hor
izontal band around zero.

A systematic positive or negative trend of

the residuals indicates that a linear model is not appropriate for the
data (84).
Figure 1.

A plot of SPC-Fresh residuals vs. ATP-Fresh is shown in
At low ATP-Fresh values, positive residuals were larger

than negative residuals.

In addition, more residuals were negative

than positive in this area.

As ATP-Fresh values increased, the abso

lute value of the residuals also increased.

The plot indicates that a

linear model was not appropriate for the data.

The plot of LSPC-Fresh

residuals vs. LATP-Fresh (Figure 2) illustrates even distribution of
positive and negative residuals around zero.

This plot indicates

that the linear regression model was appropriate for the log^Q trans
formed data.

All plots of residuals from regression equations of non-

transformed data (Table 2) demonstrated some type of residual trend
while plots of residuals from regression equations of l°g^Q transformed
data (Table 3) did not demonstrate trends.

Based on residual plots

and the use of l°gjQ transformed data in the literature (8,9,14,24,33,
47,53,116), linear regression models using l°gjQ transformed data were
used to further investigate the possible use of ATP content as a sub-

FIGURE 1.

Plot of dependent variable residuals (SPC-Fresh) vs.

independent variable (ATP-Fresh) illustrating trends in residual
values across the independent variable.
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FIGURE 2.

Plot of dependent variable residuals (LSPC-Fresh) vs. the

Independent variable (LATP-Fresh) illustrating no trends In the re
sidual values across the independent variable.
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stitute for standard plate counts.
Scatter diagrams illustrating the relationship between SPC and
ATP, along with prediction equations are shown in Figures 3-8.

Table

4 contains a summary of values for the prediction equations. With
2
each type of sample (Fresh, PI 12.8 and PI 7.2), r decreased as the
range of the standard plate counts decreased.
2

The largest decrease in

r , 86.6%, was observed with the Fresh samples.

2

Decreases in r

of

40.0 and 17.9% were observed with PI 12.8 and PI 7.2 samples, respec
tively.

All regression coefficients were significant (P<.01).

Cor

relation coefficients and regression analysis indicated that a rela
tionship exists between SPC and ATP content.

As determined in this

set of experiments the relationship does not appear to be predictive
enough for routine quality control analysis.
The conditions of this experiment were similar to what one might
find in a dairy quality control laboratory.

Raw milk samples were

randomly collected and contained an unknown number of different types
of microorganisms.

Under these conditions, the scattering of points

around the regression lines (Figures 3-8) indicates that some of the
variation in standard plate count is not accounted for by ATP content.
Variation in the concentration of ATP per cell across different specie
and genera of microorganisms in the milk samples tested may account
for some of the scattering of points around the prediction lines (69).
Inability of the standard plate count to accurately reflect the total
number of viable microorganisms in milk samples may also have con
tributed to unexplained variation in the standard plate count variable.
As stated earlier, an objective of this research was to determine
if ATP content is a viable alternative to the standard plate count.

42

FIGURE 3.

Scatter diagram and fitted regression line illustrating

the relationship between LSPC-Fresh and LATP-Fresh for raw milk samples
having 3.0 X 10^ SPC/ml or less3*5^ .

£

LSPC-Fresh is the l°g10 transformed standard plate count(SPC)
variable measured on day zero.
^LATP-Fresh is the 1°8jq transformed adenosine-5'-triphosphate(ATP)
content variable measured on day zero.
Prediction equation: LSPC-Fresh = 0.7025 + 1.4793 (LATP-Fresh).
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FIGURE 4.

Scatter diagram and fitted regression line illustrating the

relationship between LSPC-Fresh and LATP-Fresh for raw milk samples
having 1.0 X 10^ SPC/ml or lessa^C^.

LSPC-Fresh is the l°g^Q transformed standard plate count (SPC)
variable measured on day zero.
^LATP-Fresh is the

transformed adenosine-5'-triphosphate (ATP)

content variable measured on day zero.
CPrediction equation: LSPC-Fresh = 3.2540 + 0,5662 (LATP-Fresh).
dr2 = 0.06.
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FIGURE 5.

Scatter diagram and fitted regression line illustrating the

relationship between LSPC-PI 12.8 and LATP-PI 12.8 for raw milk samples
having 1.0 X 10^ SPC/ml or less3^0^.

aLSPC-PI 12.8 is the log^Q transformed standard plate count (SPC)
variable measured following preliminary incubation of the raw milk
samples at 12.8°C for 18 hours.
^LATP-PI 12.8 is the log^Q transformed adenosine-5’-triphosphate
(ATP) content variable measured following preliminary incubation of
the raw milk samples at 12.8°C for 18 hours.
Prediction equation: LSPC-PI 12.8 = 0.8956 + 1.5666 (LATP-PI 12.8).
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FIGURE 6.

Scatter diagram and fitted regression line illustrating the

relationship between LSPC-PI 12.8 and LATP-PI 12.8 for raw milk samples
having 1.0 X 10^ SPC/ml or lessa^cd.

aLSPC-PI 12.8 is the

transformed standard plate count (SPC)

variable measured following preliminary incubation of the raw milk
samples at 12.8°C for 18 hours.
^LATP-PI 12.8 is the 1°8jq transformed adenoslne-5’-triphosphate
(ATP) content variable measured following preliminary incubation of
the raw milk samples at 12.8°C for 18 hours.
Prediction equation: LSPC-PI 12.8 * 1.6927 + 1.2788 (LATP-PI 12.8).
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FIGURE 7.

Scatter diagram and fitted regression line illustrating the

relationship between LSPC-PI 7.2 and LATP-PI 7.2 for raw milk samples
8
/]
having 1.0 X 10 SPC/ml or less

LSPC-PI 7.2 is the logjQ transformed standard plate count (SPC)
variable measured following preliminary incubation of the raw milk
samples at 7.2°C for 48 hours.
^LATP-PI 7.2 is the log^Q transformed adenosine-5'-triphosphate
(ATP) content variable measured following preliminary incubation
of the raw milk samples at 7.2°C for 48 hours.
Prediction equation: LSPC-PI 7.2 = 0.7713 + 1.6660 (LATP-PI 7.2).
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FIGURE 8.

Scatter diagram and fitted regression line illustrating the

relationship between LSPC-PI 7.2 and LATP-PI 7.2 for raw milk samples
having 1.0 X 10^ SPC/ml or lessa^Ct^.

aLSPC-PI 7.2 is the 106 jq transformed standard plate count (SPC)
variable measured following preliminary incubation of the raw milk
samples at 7.2°C for 48 hours.
^LATP-PI 7.2 is the 1°Bjq transformed adenosine-5’-triphosphate
(ATP) content variable measured following preliminary incubation of
the raw milk samples at 7.2°C for 48 hours.
Prediction equation: LSPC-PI 7.2 = -0.0333 + 1.9413 (LATP-PI 7.2).

53

7.8-

7.2«o

OTJUt

O*-

Cior

OO
6 .6 -

6 . 0-

P
I
7
2
/

h
L

<*>.
4.5-

3.9-

3.62.0

2.6

2.6

3.0

3.2

LOG 10 HTP-PI 7.2

3.4

IRLUI

3.6

3.6

54

TABLE 4.

Summary of regression coefficients (b) and coefficients of

2
a
determination (r ) for linear regression models used to investigate
the relationship between raw milk adenosine-5'-triphosphate (ATP) con
tent and standard plate counts (SPC) for Fresh^ PI 12.8C and PI 7.2d
samples at various SPC ranges.

Sample Type

Fresh

PI 12.8

PI 7.2

2
r

b

0 - 3.0 X 107

0.45

1.48

0 - 1.0 X 106

0.06

0.57

0 - 1.0 X 108

0.70

1.57

0 - 1.0 X 107

0.42

1.28

0 - 1.0 X 108

0.78

1.67

0 - 1.0 X 107

0.64

1.97

SPC/ml range

**
**
★A
**
**
**

g
Regression equations and scatter diagrams shown in Figures 3-8.
^ATP

and SPC variableswere measured on day zero.

CATP

and SPC variables

weremeasured following preliminary incuba

tion of the raw milk samples at 12.8°C for 18 hours.
dATP
tion of

and SPC variableswere measured

following preliminary incuba

the raw milk samples at 7.2°C for 48 hours.
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If so, the reduction in the amount of time required to generate a
viable count estimate could render ATP measurement useful in segre
gating milk shipments based on microbial load.

Since it appeared

that ATP measurements were not predictive enough for routine quality
control analysis, a milk quality classification scheme based on ATP
content was investigated.

The scheme consisted of dichotomizing Fresh

milk samples at an arbitrary SPC-Fresh value.

Samples having an SPC

less than or equal t'o the arbitrary SPC dichotomizing value were con
sidered bacteriologically acceptable; all other samples were considered
bacteriologically unacceptable.

The bacteriologically acceptable and

unacceptable samples were then dichotomized at an arbitrary ATP-Fresh
value.

Samples having an ATP content less than or equal to the ATP

dichotomizing value were considered acceptable; all other samples were
considered unacceptable.

On an X - Y coordinate system, this type of

dichotomization produces 4 areas of interest (Figure 9).

For data

having a positive regression coefficient, which was true for this por
tion of the research, the upper right quadrant contains observations
correctly classified (in terms of SPC) by ATP content as bacteriologic
ally unacceptable.

The lower left quadrant contains observations cor

rectly classified by ATP content as bacteriologically acceptable.

The

upper left and lower right quadrants contain false acceptables and
false unacceptables, respectively.
Results of combinations of 4 different SPC-Fresh dichotomizing
values and 3 different ATP-Fresh dichotomizing values are shown in
Table 5.

For Fresh samples, an ATP-Fresh dichotomizing value of 1,000

produced the highest percentage of correct classifications.

Depending

on the SPC-Fresh value used in determining acceptability of a sample,

Bacteriologically unacceptable

Bacteriologically unacceptable

Acceptable by ATP measurement

Unacceptable by ATP measurement

Standard Plate Count

"False Acceptable"

correctly classified

Bacteriologically acceptable

Bacteriologically acceptable

Acceptable by ATP measurement

Unacceptable by ATP measurement

correctly classified

"False Unacceptable"

ATP Measurement
FIGURE 9.

Breakdown of x-y coordinate system based on arbitrary SPC and ATP values.

TABLE 5.

Percentage of raw milk samples correctly classified as bac

teriologically acceptable or unacceptable, in terms of SPC-Fresh,
based on ATP-Fresh content.

SPC-Fresh
Dichotomizing
Value

ATP-FreshC Dichotomizing Value
900

1,000

1,100

75,000

63.5

64.0

63.0

100,000

68.0

68.5

67.5

200,000

74.5

77.0

77.0

300,000

75.0

77.5

76.5

£|
-Fresh indicates that the variable was measured on day zero.
Standard plate count (SPC).
cAdenosine-5'-triphosphate (ATP).
^% correctly classified = (1 - (number of false acceptables +
number of false unacceptables)/n))(100%).

from 64.0-77.5% of the samples were correctly classified based on ATP
content.

Results of combinations of 4 different SPC-PI 12.8 dichoto

mizing values and 3 different ATP-PI 12.8 dichotomizing values are
shown in Table 6.

For PI 12.8 samples, an ATP-PI 12.8 value of 800

produced the highest percentage of correct classifications.

Depending

on the SPC-PI 12.8 value used in determining acceptability of the sam
ple, from 76.0-81.0% of the samples were correctly classified based on
ATP content.

For the PI 7.2 samples, ATP-PI 7.2 dichotomizing values

of 600 and 700 produced the highest percentages of correct classifica
tions (Table 7).

Depending on the SPC-PI 7.2 and ATP-PI 7.2 dichoto

mizing values, from 76.5-88.0% of the samples were correctly classi
fied.
In a situation where a processor desires to use initially low
microbial count milk for fluid milk processing and higher microbial
count milk for other products, classification based on ATP may be of
value.

Under the conditions of this experiment, more than 50% of the

Fresh samples were correctly classified in terms of SPC-Fresh based on
ATP-Fresh.

However, problems due to variation in ATP concentration

per cell and accuracy of the standard plate count are associated with
the classification system and may account for some of the "false ac
ceptable" and "false unacceptable" observations.

Response of Microbiological and Chemical Variables During Low
Temperature Storage
Median SPC-Fresh for both types of samples (ie. tank truck and
silo) was 105,000/ml.

Median SPC-Fresh for tank truck samples was

88,000/ml, which was comparable to previously reported counts (65,90,

TABLE 6.

Percentage of raw milk samples correctly classified as bac

teriologically acceptable or unacceptable, in terms of SPC-PI 12.8,
based on ATP-PI 12.8 content.

SPC-PI 12.8ab
Dichotomizing
Value

ATP-PI 12.8C Dichotomizing Value
700

—

800

900

7I Correctly Classified^

75,000

75.5

76.0

73.5

100,000

75.5

77.0

74.5

200,000

78.5

81.0

78.5

300,000

76.0

78.5

78.0

-PI 12.8 indicates that the variable was measured following pre
liminary incubation of the raw milk samples at 12.8°C for 18 hours.
Standard plate count (SPC).
cAdenosine-5'-triphosphate (ATP).
correctly classified = (1 - (number of false acceptables +
number of false unacceptables)/n))(100%).

TABLE 7.

Percentage of raw milk samples correctly classified as bac

teriologically acceptable or unacceptable, in terms of SPC-PI 7.2,
based on ATP-PI 7.2 content.

SPC-PI 7.2flk
Dichotomizing
Value

ATP-PI 7.2C Dichotomizing Value
.600

700

800

900

---- % Correctly Classified^ ™
75,000

76.5

78.5

77.0

71.5

100,000

85.5

82.0

80.5

76.0

200,000

87.0

85.0

83.5

82.0

300,000

88.0

87.0

87.5

86.0

a-PI 7.2 indicates that the variable was measured following preliminary incubation of the raw milk samples at 7.2°C for 48 hours.
^Standard plate count (SPC).
cAdenosine-5'-triphosphate (ATP).
correctly classified = (1 - (number of false acceptables +
number of false unacceptables)/n))(100%).

97) or higher (71).

Median SPC-Fresh for silo samples was 220,000/ml.

A higher SPC-Fresh median for silo milks was expected and is likely
attributable to the age of the silo milk; silo milk should have been
older than tank truck milk and therefore have a higher microbial count.
Figure 10 illustrates the change in median SPC of tank truck and silo
milk samples during low temperature storage.

As expected, median SPC

for both types of samples increased during storage.

SPC doubling

times for tank truck samples ranged from 4.6-64.1 h (X = 14,3 h, n =
141).

SPC doubling times for silo milk samples ranged from 8.8-162.7

h (X = 20.6 h, n *= 33).
Median PBC-Fresh for both types of samples was 46,000/ml.

Median

PBC-Fresh for tank truck samples was 36,000/ml, which was comparable
to previously reported counts (65,97) or higher (68).
Fresh for silo milk samples was 81,500/ml.

Median PBC-

Due to the age of the silo

milk, the higher silo PBC-Fresh median was expected.

Figure 11 illus

trates the change in median PBC of tank truck and silo milk samples.
Median PBC increased during low temperature storage.

PBC doubling

times for tank truck samples ranged from 4,6-223,6 h (X * 16.3 h, n =
146).

PBC doubling times for silo milk samples ranged from 8.7-162.7 h

(X = 21,9 h, n

34).

PBC doubling times reported here are comparable

to those previously reported.

Green and Jezeski (46) reported doubl

ing times of 26.6 and 29.1 h at 0°C for two Pseudomonas strains stor
ed in skim milk.

Van der Zant and Moore (119) reported doubling times

of 14.4, 7.2, and 12.0 h at 5^C for three Pseudomonas cultures.

Means

for PBC doubling times for both types of samples were larger than the
corresponding SPC doubling time means.

However, median PBC eventually

became larger than median SPC during low temperature storage.

This

8.00

7.00

2 6.00

5.00

4.00
Time (d a y s )
FIGURE 10.

Plot of median standard plate counts (SPC) for tank truck milk (□) and silo milk (O)

during low temperature storage at 2.2°C.
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FIGURE 11.

Plot of median psychrotrophic bacteria counts (PBC) for tank truck milk (□) and silo milk

(O) during low temperature storage at 2.2°C.
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change in predominant population has previously been reported (4,23,
67,76,95) and illustrates the selective effect of reduced temperatures
on psychrotroph populations.
Median PC-Fresh for both types of samples was 6,500/ml.

Median

PC-Fresh for tank truck milk samples was 6,000/ml while that for silo
milk samples was 11,500/ml.

A plot of median PC for tank truck and

silo milk samples is shown in Figure 12.

As expected, median PC in

creased during low temperature storage.
Mean tyrosine-Fresh value for,both types of samples was 0.1315 mg
tyrosine/5 ml sample.

This value was higher than tyrosine values re

ported by White et al. (124).

Differences in raw milk quality and

variation in stock tyrosine solutions used in preparing standard curve
solutions may account for the observed difference in mean tyrosine
values.

Mean tyrosine-Fresh for tank truck samples was 0.1312 mg

tyrosine/5 ml sample while that for silo milk was 0.1333 mg tyrosine/
5 ml sample.

Figure 13 illustrates the change in mean tyrosine value

of tank truck and silo milk samples.

During low temperature storage,

mean tyrosine value for both types of samples increased indicating
continuous deterioration of the milk proteins (60,67).

Previous re

ports (67,119) have indicated increased tyrosine value during low
temperature storage.

Mean tyrosine values for tank truck milk samples

were higher than those for silo milks on days 2-5.

Based on the age

of the 2 different types of samples, this result was unexpected.

Silo

milk samples should have been older and therefore should have had
higher tyrosine values.
Since tyrosine determination requires considerably less time to
conduct than microbial plate counts, establishing a predictive rela-

7.00

Ol 6.00

5.00

4.00

3.00
Time (days)
FIGURE 12.

Plot of median proteolytic counts (PC) for tank truck milk (0) and silo milk (O) during

low temperature storage at 2,2°C.
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FIGURE 13.

Plot of mean tyrosine values (TV) for tank truck milk (D ) and silo milk (G) during low

temperature storage at 2.2°C.
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tionship between microbial plate counts and tyrosine values would be
desirable.

Using a linear regression model, Juffs (67) observed a

significant (P< .01) linear relationship between tyrosine value and
total bacteria counts for raw milk.

Correlations between tyrosine

value and microbial counts after preliminary incubation and during
storage are shown in Table 8.

No significant (P>.05) positive cor

relations were found between proteolytic counts and tyrosine values
after preliminary incubation or during low temperature storage.

Lack

of correlation is likely attributable to the variable activity of
microbial proteases and has been observed in previous reports (67,119).
Significant correlations (P<.05) were observed between tyrosine value
and SPC on days 2, 4 and 5, and between tyrosine value and PBC on days
2-5 and after PI 12.8.

Although correlations were weak, the relation

ships were further investigated using linear regression analysis to
determine if tyrosine value could be used to predict a microbial count.
A summary of the linear regression statistics is shown in Table 9.
All regression coefficients were significant (P<.05).

Coefficients

of determination were all less than 0.15 indicating that tyrosine
value accounted for less than 15% of the total variation of a particular
microbial count.

Although significant linear relationships were

observed, under the conditions of this experiment, tyrosine values were
not good predictors of the microbial counts studied.

Relationship Between Raw Milk Preliminary Incubation Count and
Microbial Quality During Low Temperature Storage
Most dairy processors are aware that a key factor in the produc
tion of top quality; finished products is the quality of the raw start-

TABLE 8.

Correlation coefficients between tyrosine value (TV) and

log^g transformed standard plate count (SPC), psychrotrophic bacteria
count (PBC) and proteolytic count (PC) variables for Fresh and preliminary incubated raw milk samples and for samples stored at 2.2cC.

Microbial Count
LPBC

LPC

-0.15

-0.09

-0.25

PI 12.8C

0.40

0.17

PI 7.2d

0.16

0.16

Day 26

0.38

0.34

0.12

Day 3

0.14

0.19*

0.02

Day 4

0.23

Sample

Fresh*5

LSPC3

*

0.15
0.16

**

**
**
Day 5

A*

0.07

0.22

0.23

*A

0.22

0.09

g

The letter "L" prefixing a variable indicates a l°gjQ transform
ation of that variable,
b
Variables were measured on day zero.
c
Variables were measured following preliminary incubation of the
raw milk samples at 12.8°C for 18 hours,
d
Variables were measured following preliminary incubation of the
raw milk samples at 7.2°C for 48 hours.
Variables were measured after ii days of storage at 2.2°C.

AA

TABLE 9.

Summary of regression coefficients (b) and coefficients of
2

determination (r ) for linear regression models used to investigate
the relationships between tyrosine values (TV) and standard plate
count (SPC) and psychrotrophic bacteria count (PBC) variables follow
ing preliminary incubation and during low temperature storage at 2.2^C.

Dependent Variable
Y

Independent Variable
2

X

r

b

LPBC-PI 12.8ab

TV-P1 12.8

0.03

13.60*

LPBC-D2c

TV-D2

0.12

32.47

LPBC-D3

TV-D3

0.04

7.66

LPBC-D4

TV-D4

0.05

4.52

LPBC-D5

TV-D5

0.05

3.04

LSPC-D2

TV-D2

0.14

32.98

LSPC-D4

TV-D4

0.06

4.74

LSPC-D5

TV-D5

0.05

3.25

aa

A

**
AA
AA
AA
AA

£

The letter "L" prefixing a variable indicates a

transform

ation of that variable.
b-PI 12.8 indicates that the variable was measured following pre
liminary incubation of the raw milk samples at 12.8°C for 18 hours.
C-Dii indicates that the variable was measured following low temp
erature storage of the raw milk samples at 2.2°C for ii days.

ing materials.

However, the quality of these materials is, in many

cases, either difficult to determine or results of quality determina
tions are available only after the raw material has been processed and
several days have passed.

For these two reasons, positive and nega

tive trends in raw material quality are frequently used to make pro
cessing and quality control decisions.

One quality index of raw milk

is the preliminary Incubation count (SPC-PI 12.8).

The SPC-PI 12.8 is

simply a standard plate count following incubation of a raw milk sam
ple for 18 h at 12.8°C.

This type of microbial count is considered to

provide a good indicator of sanitation during milk production, poten
tial shelf-life of the raw milk and potential shelf-life of dairy
foods processed from the raw milk (5,64,117,125).
The relationship between SPC-PI 12.8 and changes in raw milk qual
ity during low temperature storage have received little attention.

To

address this point, raw milk preliminary incubation counts and their
relationship with microbial and chemical changes of raw milk stored at
a low temperature were studied.

In general, the term quality as an

adjective of raw milk cannot be defined based on one or two parameters.
Quality refers to the magnitude of the microbial population and the
types of organisms present.

Quality also refers to flavor, solids

level, freezing point, freedom from antibiotics and other inhibitory
substances, leucocyte content and sediment content.

Therefore, a def

inition of the term quality as it relates to this research was estab
lished.

SPC-PI 12.8 and microbial counts during low temperature stor

age were used to reflect raw milk quality.

Trends and changes in

microbial counts were of primary interest with absolute numbers being
secondary.

Table 10 contains SPC-Fresh and SPC-PI 12.8 results for tank
truck and silo milk samples along with the ratio of SPC-Fresh to SPCPI 12.8.

Median SPC-Fresh was 93,500/ml which increased to 1,300,000/

ml following preliminary incubation.

The ratio of SPC-PI 12.8 to SPC-

Fresh ranged from 1.06-928.6 with a median of 10.5.

The magnitude

of the change in the standard plate count following preliminary incu
bation indicated that many of the samples were heavily contaminated
with psychrotrophs (66,97,125).

An SPC-PI 12.8 of 100,000/ml or less

is considered acceptable for producer raw milk (2,5,117,125).

Apply

ing this standard to the tank truck and silo milks listed in Table 10,
only 15% of the samples were microbiologically acceptable.
Changes in raw milk quality during low temperature storage were
investigated by dividing the raw milk samples into 2 groups.

Raw milk

having an SPC-Fresh of 100,000/ml or less were assumed to be of accept
able quality while milk having an SPC-Fresh greater than 100,000/ml
was assumed to be of unacceptable quality.

A dairy processor might

make this assumption, changing only the SPC-Fresh cutoff point.

Table

11 contains the microbial counts and tyrosine values of acceptable and
unacceptable samples following preliminary incubation and during low
temperature storage.

No differientation was made between tank truck

milk and silo milk in this table and in subsequent tables because the
two types of milk could be one in the same if milk is received from
a transfer station.

Median SPC-Fresh for acceptable samples was

30,000/ml while that for unacceptable samples was 370,000/ml; more
than a 10 fold difference was observed.

Of all samples tested, 51.6%

were considered acceptable while the balance were considered unaccept
able.

During low temperature storage, median SPC for both groups in-

TABLE 10*

Standard place count (SPC) before and after preliminary Incubation of raw milk saaplea at 12.6°C for 18 houre*

■■pie SPC-Fresh*

I
2
3
4
5
6
7
8
9
10
11
12
13
14
IS
16
17
IB
19
20
21
22
23
24
23
26
27
28
29
30

68,000
11,000
17,000
30,000
23,000
20,000
90,000
37,000
120.000
23,000
370,000
30,000
48.000
30,000
20,000
19,000
•2.000
26,000
17,000
84.000
18.000
110.000
22,000
20,000
300,000
280,000
140,000
130,000
170,000
220,000

SPC-PI 12.Bb

160,000
16,000
960,000
190,000
33,000
94,000
300,000
43,000
2,900,000
39.000
1,400.000
1,300,000
230,000
80.000
94,000
260,000
1,400,000
100,000
38,000
1,400,000
240,000
2,300,000
320,000
100,000
320,000
4,000,000
2,000,000
1,200,000
1,400,000
540,000

r»tloC

Snple

2.3
1.4
36.3
3.8
1.3
4.7
33.3
1.1
24.1
1.6
3.7
26.0
3.2
2.6
4.7
13.6
17.0
3.8
3.4
16.6
13.3
20.9
14.5
3.0
1.0
14.2
14.2
8.0
8.2
2.4

31
32
33
34
35
36
37
38
38
40
41
42
43
44
45
46
47
48
49
50
51
32
53
54
55
56
57
58
59
60

SPC-Pre«h

100,000
34,000
330.000
300,000
500,000
590,000
44,000
69 ,000
190,000
260,000
48,000
110,000
44,000
61,000
41,000
32,000
120,000
63,000
73,000
200,000
71,000
130,000
63,000
15,000
14,000
24,000
67,000
420,000
12.000
30,000

8PC-PI 12.8

ntlo

Snple

150,000
1,300,000
14,000,000
11.000,000
9,600.000
10,000,000
640,000
190,000
360,000
1,800,000
380,000
460,000
410,000
1,300,000
360,000
12,000,000
720,000
170,000
270,000
650,000
11.000,000
15,000,000
960,000
240,000
34,000
160,000
230,000
33,000,000
110,000
220,000

1.3
24.0
40.0
36.6
19.2
16.9
14.5
2.7
1.8
6.9
7.9
4.1
9.3
21.3
8.7
375.0
6.0
2.6
3.6
3.2
154.9
113.3
15.2
16.0
2.4
6.6
3.4
78.5
9.1
7.3

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
87
83
84
85
86
87
88
89
90

SPC-Fresh

SPC-PI 12.8

ratio

1*0,000
1.100,000
39,000
36,000
16,000
200,000
69,000
110,000
9.700
77,000
21.000
35,000
18,000
8,300,000
18,000
17,000
360,000
19,000,000
13,000
22,000
12,000
25,000
830,000
36,000
17,000
4,000,000
24,000
23,000
54,000
28,000

970,000
54,000,000
510,000
150,000
29,000
3,700,000
1,400,000
13,000,000
130,000
6,200,000
52,000
140,000
94,000
150,000,000
210,000
1,400,000
18,000,000
220.000,000
660,000
95.000
23,000
180,000
20,000,000
240,000
97,000
120,000,000
260,000
34,000
280,000
1,200,000

5.3
49.0
13.0
4.1
1.8
28.5
20.0
118.1
13.4
80.5
2.4
4.0
5.2
17.6
11.6
82.3
30.0
11.5
66.1
4.3
1.9
7.2
23.5
4.2
5.7
30.0
10.8
1.4
5.1
42.8

to

U U S 10.

coatlatM d.

Sample SPC-Fresh

91
92
93
94
95
%
92
98
99
100
101
102
103
104
103
106
102
108
109
no
111
112
113
114
115
116
112
118
119
120

12.000
24,000
20.000
11,000
14,000,000
1,100,000
140,000
18,000,000
18,000
22,000
140,000
34,000
100,000
1,800,000
1,400,000
1,400,000
200,000
68,000,000
260,000
29,000
300,000
49,000
280,000
29,000
29,000
38,000
16,000
120,000
18.000
860,000

SPC-PI 12.8

ratio

120,000
130,000
130,000
54,000
46,000,000
19,000,000
720,000
55,000,000
70,000
6,800,000
850,000
67,000
5,700,000
6,600.000
12,000,000
10,000,000
780,000
110,000,000
13,000,000
330.000
5,000,000
72.000
6,500,000
140,000
150,000
2,200,000
68,000
4,800,000
32,000
25.000,000

10.0
5.4
6.5
4.9
3.2
17.2
S.S
3.0
3.8
88.3
6.0
1.9
57.0
3.6
8.5
7.1
3.9
1.6
17.1
11.3
10.0
1.4
8.3
4.8
1.8
37.9
4.2
40.0
1.7
29.0

Sanple

SPC-Fresh

SPC-PI 12.8

ratio

Saaple

SPC-Preah

SPC-PI 12.8

ratio

5,500
32,000
S50.000
26.000
1,300,000
89,000
40,000
28,000
360,000
110,000
300,000
360,000
1,200,000
88,000
130,000
320,000
2,300,000
1,000,000
1,100,000
1,300,000
440,000
2,900,000
170,000
200,000
64,000
380,000
110,000
29,000,000
140,000
540,000

21,000
180,000
5,200,000
500,000
8,100,000
900,000
800,000
1,400,000
10,000,000
12,000,000
18,000,000
31,000,000
28,000,000
18,000,000
8,500,000
20,000,000
35,000,000
21,000,000
24,000,000
28,000,000
23,000,000
42,000,000
26,000,000
11,000,000
1,500,000
28,000,000
1,800,000
170,000,000
130,000,000
14,000,000

3.8
5.6
9.4
19.2
6.2
10.1
20.0
50.0
27.7
109.0
60.0
86.1
23.3
204.5
65.3
62.5
15.2
21.0
21.8
21.5
52.2
14.4
152.9
55.0
23.4
73.6
16.3
5.8
928.5
25.9

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

400,000
14,000
340,000
210,000
27,000
200,000
26,000
700,000
160,000
310.000
7,800,000
40,000
14.000,000
96,000
120,000
28,000,000
230,000
510,000
1.400,000
20,000,000
130,000
91,000
120,000,000
55,000
390,000
110,000
830,000
20,000,000
83,000
30,000

2,000,000
98,000
9.000,000
8,800,000
1,000,000
13,000,000
310,000
27,000,000
8,100,000
16,000,000
73,000,000
210,000
73,000,000
960,000
230,000
83,000,000
15,000,000
9,900,000
23,000,000
73,000,000
3.100,000
1.300,000
150.000,000
99,000
4,500,000
930,000
24.000,000
81,000,000
6,600,000
110,000

5.0
7.0
26.4
41.9
37.0
65.0
11.9
38.5
50.6
51.6
9.3
5.2
5.2
10.0
1.9
2.9
65.2
19.4
16.4
3.6
23.8
14.2
1.2
1.8
11.5
8.4
21.9
4.0
79.5
3.6

121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

*-Fre*h Indicate* that the variable vaa measured on day tero.
^-PI 12.8 Indicate* that the variable vaa neaaured following preliminary Incubation of the raw allk samples at 12.8°C for IB hour*.
CSPC-PI 12.8

f

SPC-Fresh.

TABLE 11.

Median microbial count* and naan tyrosine values Cor raw allk ample* classified aa acceptable or unacceptable baaed on an

SPC-Fresh dichotomizing value of 100,000/ml.

Sample

if

A*

Mediani PCC

Median PBCb

Median SPC*
A

U

A

Mean TVd
U

A

U

Fresh*

30,000

370,000

26,000

260,000

4,000

13,500

0.1334

0.1292

Day 2h

88,000

7.200,000

85,500

6,400,000

16,000

300,000

0.1459

0.1534

Day 1

480,000

14,000,000

580,000

16,000,000

50,000

1,050,000

0.1426

0.1541

Day A

3,000,000

30,000,000

4,300,000

30,000,000

200,000

1,100,000

0.1463

0.1594

Day S

11,000,000

51,000,000

13,500,000

55,000,000

400,000

1,050,000

0.1461

0.1656

210.000

12,000,000

200,000

12,000,000

20,000

600,000

0.1405

0.1427

FI 12.B1

"standard plate count.
bP*ychrotrophic bacteria count.
CProteolytlc count.
dTyroaloe value.
"Acceptable.
^Unacceptable.
^Variables vere eeasured on day zero.
^Variables were measured after n days of low temperature storage at 2.2°C.
1Tariablea were measured following preliminary Incubation of the raw milk samples at 12.8°C for IB hours.

creased with unacceptable samples always having higher SPC medians
than acceptable samples.

Of Interest was the large Increase in the

median SPC of acceptable samples between days 3 and 4.

This change

clearly illustrated the need to process the milk classified as accept
able within 3 days.

Median PBC and PC for both groups increased during

storage with unacceptable samples always having higher microbial counts
than acceptable samples.

As noted earlier, psychrotrophs became the

predominant flora of the milk samples during low temperature storage.
Mean tyrosine values increased during storage.
Several workers (5,64,66,98,117) have reported that SPC-PI 12.8 is
often a better indicator of raw milk microbial quality than SPC-Fresh.
To determine if SPC-PI 12.8 was a good indicator of microbial quality
during low temperature storage, the samples were divided into accept
able and unacceptable groups based on^an SPC-PI 12.8 dichotomizing
value of 230,000/ml.

This count represented the lowest SPC-PI 12.8

value of the group classified as unacceptable based on the SPC-Fresh
dichotomization.

With this type of classification, samples judged as

unacceptable based on the SPC-PI 12.8 were always judged as unacceptable
by the SPC-Fresh classification system.

However, samples judged as ac

ceptable based on the SPC-Fresh were not necessarily judged as accept
able by the SPC-PI 12.8 classification system.

Median SPC, PBC, PC

and tyrosine values for the samples classified as acceptable and unac
ceptable based on an SPC-PI 12.8 of 230,000/ml are shown in Table 12.
Increases in median microbial counts and mean tyrosine values for both
acceptable and unacceptable samples were observed during low temper
ature storage.

Unacceptable samples always had higher median micro-

TABLE 12.

Median mlcroblel coimts and &ean tyrosine values for raw el lk eeeplea classified aa acceptable or unacceptable baaed on aa

SPC-PI 12.8 dlchotoelzlng value of 230,000/al.

Saaple

Ae

Fresh®

Median PCc

Median PBCb

Median SPCa
u*

A

U

Mean TV1*

A

U

A

U

3,000

10,000

0.1336

0.1303

23,500

1B5.000

6,550

100,000

Day 2h

37,500

3,100,000

26,000

3,800,000

9,000

110,000

0.1459

0.1511

Day 3

130,000

8,400.000

98,000

9,900,000

20,000

800,000

0.1429

0.1504

Day 4

1,060,000

24,000,000

1,500,000

24,000,000

95,000

800,000

0.1484

0.1545

Day 5

6,450,000

40,000,000

7,750,000

46,000,000

290,000

800,000

0.1450

0.1600

99,500

5,950,000

83,500

4,800,000

20,000

170,000

0.1410

0.1419

FI 12.8*

‘standard plate count.
bPsychrotrophlc bacteria count.
cProteolytic count.
<*Tyrualne value.
‘Acceptable.
fUnacceptable.
®Variablee were aeasured on day zero.
^Variables were aeasured after o daye of low teeperature storage at 2.2°C.
^Variables were eeaaured following prellalnary incubation of the raw allk saeples at 12.g°C for 18 hours.

bial counts than acceptable samples, and frequently had higher mean
tyrosine values.

Using an SPC-PI 12.8 of 230,000/ml to segregate ac

ceptable and unacceptable samples, only 28.2% of the samples were
classified as acceptable compared with 51.6% based on an SPC-Fresh
of 100,000/ml.

This indicated that not all milk samples meeting the

SPC-Fresh quality standard could meet the SPC-PI 12.8 quality stand
ard.

More important, quality classification based on the SPC-PI 12.8

standard yielded lower median microbial counts for the acceptable sam
ple group during low temperature storage.

In essence, classification

based on an SPC-PI 12.8 of 230,000/ml improved the quality of the ac
ceptable sample group.
Three additional SPC-PI 12.8 dichotomizing values, 300,000, 150,
000, and 100,000/ml, were selected and used to segregate milk samples
into acceptable and unacceptable groups (Tables 13-15).

Increases in

median microbial counts of acceptable and unacceptable samples during
low temperature storage were similar to those observed when the SPCPI 12.8 dichotomizing value of 230,000/ml was used.

Regardless of the

SPC-PI 12.8 dichotomizing value, unacceptable samples always had high
er median microbial counts than acceptable samples.

The microbial

quality of the acceptable sample group during low temperature storage
was clearly influenced by the magnitude of the SPC-PI 12.8 dichotomiz
ing value.

As the SPC-PI 12.8 dichotomizing value was reduced from

300,000/ml to 100,000/ml, median SPC, PBC and PC decreased.

This trend

was observed over all sampling days during low temperature storage.
Improvement of the microbial quality of the acceptable sample
group was accomplished by segregating milk samples based on a prelim
inary incubation count rather than on a Fresh standard plate count.

TABLE 13.

Median microbial counts and mean tyrosine values for raw milk samples classified as acceptable or unacceptable based on an

SPC-PI 12.8 dichotomizing value of 300,000/ml.

S«plc.

Ae

u1

A

Mean TVd

Median PCC

Median PBCb

Median SPC*

U

A

0

A

U

110,000

3,000

10,000

0.1316

0.1101

30,500

4,800,000

10,000

120,000

0.1437

0.1516

10,000,000

140,000

13,000,000

20,000

850,000

0.1421

0.1512

1,450,000

25,000,000

2,200,000

26,000,000

120,000

850,000

0.1472

0.1555

B,100,000

43,000,000

8,200,000

46,000,000

265,000

950,000

0.1449

0.1610

120,000

6,700,000

100,000

6,700,000

18,500

300,000

0.1406

0.1422

200,000

Freah®

24,000

Day 2h

47,500

4,000,000

Day 3

155,000

Day 4
Day S
PI 12.B1

6,900

aStandard plate count.
^Fsychrotrophlc bacteria count.
cProteolytlc count.
^Tyrosine value.
‘Acceptable.
^Unacceptable.
*Varlablea were measured on day zero.
**Varlables mere measured after n days of low temperature storage at 2.2°C.
^Variables were measured following preliminary Incubation of the raw milk samples at 12<8°C for IB hours.

T A B U 1A,

Median alcroblal counts and M a n tyrosine values for raw a t u saaplea classified as acceptable or unaccepteble based on an

SPC-PI 12.8 dlchotontxlng value of 150,000/ul.

Median SPC*
A*

Saaplea

Median PCc

Median PBCb
0*

Mean PCd

A

0

A

0

A

1)

Fresh8

20.000

140,000

3,400

75,000

2,100

9,000

0.1346

0.1304

Day 2h

34.000

2,300,000

20,000

2,500,000

7,000

100,000

0.1464

0.1504

Day 3

87.000

6,730,000

69,000

8,700,000

15,000

650,000

0.1440

0.1493

Day *

830,000

21,300,000

1,200,000

23,000,000

50,000

700,000

0.1514

0.1530

4,900,000

36,300,000

5,900,000

44,500,000

200,000

700,000

0.1459

0.1383

94,000

4,000,000

63,000

3,100,000

11,000

110,000

0.1417

0.1417

Day 5
PI 12.81

‘standard plate count.
bFaychrotn>phlc bacteria count.
CProteolytlc count.
^Tyrosine value.
‘Acceptable.
^Unacceptable.
^Variables uere Masured on day xero.
^Variables were Mtaured after n days of low teaperature storage at 2.2°C.
^Variables uere Masured following prellnlnary Incubation of the raw nllk saaplea at I2.8°C for 18 hours.

TABLE IS.

Median alcroblal counts and aean tyrosine values for rav milk eeaples classified as acceptable or unacceptable based on an

SPC-PI 12.8 dlchotonlxlng value of 100,000/nl.

Median SPC*
Saaplea

0*

A*

Median PCC

Median PBCb

Mean

vP

A

U

A

U

A

0

Fresh*

20.000

130,000

4,400

66,000

2,100

9,000

0.1366

0.1303

Day 2h

29,000

1,800,000

16,000

1,600,000

6,000

90,000

0.1482

0.1498

Day 3

83,000

6,400,000

64,000

7,300,000

10,000

600,000

0.1442

0.14(9

Day 4

620,000

19,300,000

970,000

20,000,000

50,000

600,000

0.1450

0.1541

Day 5

3,200,000

36,000,000

4,300,000

43,000,000

195,000

700,000

0.1493

0.1561

67,000

2,200,000

49,000

2,200,000

9,000

100,000

0.1438

0.1414

PI 12.81

‘standard plate count,
kpsychrotrophic bacteria count.
cProteolytlc count.
^Tyrosine value.
‘Acceptable.
^Unacceptable.
Variables uere neaaured on day zero.
Narlables were Manured after n day* of storage at 2.2°C«
^Variable* uere Masured following preliminary Incubation of the raw milk saaplea at 12*8°C for 18 boutss
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Further improvement was accomplished by decreasing the SPC-PI 12,8
dichotomizing value.

The data manipulation described herein could be

of considerable value in establishing a raw milk quality control pro
gram.

Based on the SPC-PI 12.8 and microbial counts of milk samples

during the low temperature storage period, a dairy processor could
logically arrive at a suitable preliminary incubation standard for a
processing plant’s particular raw milk supply and processing schedule.

SUMMARY AND CONCLUSIONS

The primary objective of this study was to determine if raw milk
adenosine-5*-triphosphate (ATP) content could be substituted for the
Standard Plate Count (SPC) in an effort to reduce the amount of time
required to determine the total number of viable microorganisms in a
milk sample.

It was also of interest to follow the microbial quality

of the raw milk during low temperature storage at 2.2°C and to examine
the relationship between the preliminary incubation count and raw milk
microbial quality during low temperature storage.
Significant (P < .01) correlation between ATP and SPC variables was
observed for Fresh raw milk samples and for samples that underwent pre
liminary incubation at 12.8°C for 18 h and 7.2°C for 48 hours.

Estab

lishing prediction equations which could be used to predict the depen
dent variable (SPC) from knowledge of the independent variable (ATP)
was attempted using linear regression models with 1°8jq transformed
variables.

For each type of sample (i.e. Fresh or preliminary incubat

ed) , observations falling within 2 different SPC/ml ranges were examin
ed.

In all cases, the regression coefficients were significant (P < .01).

However, as the range of the SPC/ml for each type of sample decreased,
coefficients of determination also decreased.

Correlation coefficients

and regression analysis Indicated that a statistical relationship exists
between SPC and ATP, but under the conditions of this experiment, the
relationship did not appear to be predictive enough for routine quality
82
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control analysis.
Since ATP content did not appear to be predictive of SPC, an alter
nate approach was investigated.

Raw milk samples were dichotomized

into bacteriologically acceptable and unacceptable groups based on SPC/
ml.

Adenosine-5'-triphosphate content was then used to dichotomize

the samples into the same groups.

For Fresh raw milk samples, depend

ing on the SPC/ml dichotomizing value, 64.0-77.5% of the samples were
correctly classified into the SPC/ml groups based on ATP content.

For

samples preliminary incubated at 12.8°C for 18 h, 76.0-81.0% of the
samples were correctly classified while 76.5-88.0% of the samples pre
liminary incubated at 7.2°C for 48 h were correctly classified.
During 5 days of low temperature storage at 2.2°C, median SPC,
Psychrotrophic Bacteria Count (PBC), Proteolytic Count (PC) and mean
tyrosine value (TV) of the raw milk samples increased.

Mean SPC doubl

ing time for tank truck milk samples was 14.3 h while that for silo
milk samples was 20.6 hours.

Mean PBC doubling time for tank truck

milk samples was 16.3 h while that for silo milk samples was 21.9
hours.

Although the mean PBC doubling time was larger than the mean

SPC doubling time, psychrotrophs eventually became the predominant
flora of the milk samples during low temperature storage.
Median SPC before and after preliminary incubation of the raw milk
samples at 12.8°C for 18 h was 93,500 and 1,300,000/ml respectively.
The ratio of standard plate countB after and before preliminary incu
bation ranged from 1.06 to 928.60 with a median of 10.47.

Using an SPC

of 100,000/ml on day zero to segregate the milk samples into acceptable
and unacceptable groups, 51.6% of the smaples studied were acceptable.

Using an SPC-PI 12.8 of 230,000/ml, which represented the lowest pre
liminary incubation count of the group classified as acceptable by the
Fresh SPC, 28.2% of the samples studied were acceptable.

In both

cases, median microbial counts (SPC, PBC, and PC) of acceptable and
unacceptable samples increased during storage with unacceptable samples
always having the higher median counts.

Samples were dichotomized into

acceptable and unacceptable groups based on 3 additional preliminary
incubation counts of 100,000, 150,000 and 300,000/ml,

Again, median

microbial counts of acceptable and unacceptable samples increased
during storage with unacceptable samples always having the higher
median microbial counts.

Tyrosine value for all groups studied in

creased during low temperature storage.

Microbial quality of the

acceptable sample group was clearly influenced by the preliminary in
cubation dichotomizing value.

As the dichotomizing preliminary incu

bation count decreased from 300,000/ml to 100,000/ml, median SPC, PBC
and PC decreased over all sampling days.
Raw milk ATP content could not be used to predict SPC in this set
of experiments.

Modification of the SPC temperature - time combina

tion or simultaneous enumeration of mesophillc bacteria and strict
psychrotrophic bacteria may yield a predictive relationship between
the two variables.

The relationship between SPC-PI 12.8 and raw milk

microbial quality during low temperature storage has industrial
applications.

Based on the SPC-PI 12.8 and microbial count of milk

samples during low temperature storage, a dairy processor could
logically arrive at a suitable preliminary incubation standard for a
processing plant's particular raw milk supply and processing schedule.
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